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SUPERELEVATION AND EASEMENT 
AS APPLIED TO HIGHWAY CURVES 


By A. L. Luedke, Engineer Economist, and J. L. Harrison, Senior Highway Engineer, Bureau of Public Roads. 





te recently, highway 
builders have given very 
little attention to the super- 


elevation and widening of 


curves. As long as all 
drawn 
little 
need for either and, for some 
time after the automobile 
brought about a general speed- 
ing up of highway traffic, it 
was thought by many engi- 
that the 
these features would do more 


vehicles horse 


was, of 


were 





there course, 


neers omission of 
to promote safety by discour- 
the 
than would their inclusion by 
making higher speeds safe. 
No doubt the fact that many 
curves on the older highways 
were extremely sharp, as 
judged by present standards, 
and the line of sight often 
obstructed by embankments 
or vegetation, has made the 
discouragement of speed desirable. 


aging speed on curves 


INSIDE OF THE CURVE 


However, that, in 
practice, this theory has not been productive of safety 
is demonstrated by the alarming multiplication of 
accidents Where it has been applied. Its failure seems 
to be due to the fact that automobiles are not driven 
much slower on the curves than they are on tangents, 
and that there is a marked tendency for drivers who 
belong on the outside to seek the inside of the curve for, 
by swinging to the inside, the line over which a vehicle 
is driven is considerably flattened. 
this is done, the crown produces the same effect as a 
certain amount of superelevation, whereas, when a car 
is driven on the outside of the curve, the crown acts 
with the centrifugal foree and tends to cause skidding. 
On blind curves this practice results in collisions. These 


Moreover, when 


may be largely avoided by recognizing this tendency 
and providing curves of ample radius and_ proper 
superclevation so that it is as safe and as comfortable 
to follow the outer edge of the pavement as to cross 
to the inner edge. Drivers can then, without incon- 
Venience, keep to their own side of the road or if, 
carelessly, they take the wrong side, they can swing 
back to the proper side in emergency, without danger 
of accident. 


The railroad builder has long provided supereleva- 
ton and easement on all curves. 


His reason for so 





ON WIDENED CURVES WHICH ARE 
TO TAKE ADVANTAGE 
LUNE ON THE OUTER EDGE 
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IMPROPERLY BANKED THE 


TRAFFIC SWINGS TO THE 
NN, LEAVING AN UNTRAVELED 


doing has lain partly in the fact that easement and 
superelevation reduce the cost of maintaining curves, 
partly in the fact that easement curves favorably 
effect the wear and tear on equipment, but princi- 
pally in the fact that easement and superelevation 
are the comfort of the 
traveling on the fast trains. For this latter reason 
the tendency on the part of most railroads has been 
to base both easement and superelevation on the 


necessary for passengers 


speed of the express trains, thereby insuring the great- 
est comfort for the higher classes of traffic. For the 
highway builder the problem is a little more com- 
plex. Highway traffic is made up of a variety of 
vehicles capable of habitually propelled at 
widely varying speeds. It must also be recognized that 
these vehicles are propelled in different ways and car- 
ried on tires having widely different characteristics. 
Moreover, the smoothness of the surface of the various 
types of highway pavements leads to differences in 
the tendency of these vehicles to skid or to slide in 
rounding curves. It is to consider all of 
these factors In arriving at a proper amount of super- 
elevation. Stated in different terms, the problem of 
the highway engineer is not merely one of providing 
such superelevation that all vehicles proceeding at a 
legal speed can round these curves without danger, 


and 


necessary 








but of so designing curves that horse-drawn traffic; 
for instance, which moves at only 3 or 
hour can use the highway without danger of sliding 


4 miles an 


to the inside edge of the pavement. Indeed it is 
because these two types of traffic establish such 
opposing limitations on design that an analysis of 
the problem of superelevation is necessary. 


MATHEMATICAL ANALYSIS OF SUPERELEVATION. 


Complete superelevation consists in so tilting the 
surface of the road that the center of gravity of any 
vehicle using it will be moved toward the inside of the 
curve by an amount sullicient to balance the effect of 
the centrifugal force. The amount of the supereleva- 
tion required in order to balance the centrifugal force 
depends on the speed at which a vehicle is moving and 
the radius of the path in which it is traveling. The 
relationship of these factors is shown in figure 1. 


ZWEIGHT = W = BF 


Axis = AF\ 






SUPERELEVATION =DE=e 


of other rates of superelevation to various speeds and 
radii see fig. 2) on a curve having a 200-foot radius, 
the superelevation theoretically required for the com- 
plete counterbalancing of the centrifugal force is 0.21 
foot per foot of width, or 3.8 feet for an 18-foot pave- 
ment. It is evident that this superelevation exceeds 
what may be considered a safe amount for the slow 
moving traffic or, in other words, that such supereleva- 
tion would cause the slow moving iron-tired traffic to 
slide toward the inner edge of the road. Hence, it 
becomes necessary either to establish arbitrary rates 
of superelevation consistent with the needs of the 
slower moving traflic or to use curves of longer radius. 

Just where such sliding can be expected to take 
place will depend, of course, on the nature of the 
surfacing and its condition (that is, whether dry, wet, 
or covered with frost) as well as on the nature of the 
tires, but it is safe to say that, as a general practice 
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Fic, 1.—Diagram of forces. 


According to the mechanics of moving bodies (see 
fig. 1), “~ 
2 
AB=—, (1) 
gh 
where AB is the centrifugal force, W the weight of the 
body in pounds, v the velocity in feet per second, g the 
acceleration of gravity or 32.16 feet per second, and 
R the radius of the curve in feet. 


From similar triangles in figure 1, 


Wi 
AB=7, (2) 
Kquating (1) and (2) 
_ __ gh. We 9 
W y= ( 7D (>) 
or, 
é CE v 
7 ae (4) 


Substituting 1 foot for CE, reducing v from feet per 
second to miles per hour, and substituting 32.16 feet 
for g, there results: 


c= nearly (2) 
jak © rly) ) 


in which ¢ is in feet, V in miles per hour, and PR in feet. 
Thus, for a speed of 25 miles per hour (for the relation 


. 


the pitch of the surfacing should not exceed 10 per 
cent. Such a pitch, however, will provide complete 
superelevation for a speed of only 17 miles per hour on 
a curve having a radius of 200 feet, and almost none 
of the traffic on our highways moves at a speed as low 
as this. Indeed a very ordinary speed is from 25 to 30 
miles per hour. Moreover, this speed is, generally 
speaking, a legal speed. Therefore, if the traflic is to 
be completely protected, even within the legal speed 
limits, not to mention conditions which will frequently 
arise as a result of reckless driving, and if, at the same 
time, a pitch of 1 foot in 10 is the maximum that can 
properly be adopted in superelevating curves, it 
necessarily results that where the legal speed is 25 
miles per hour the minimum radius of curvature for 
which full protection can be given is about 415 feet 
and where a speed of 30 miles per hour is legal! the 
minimum radius of curvature for which full protection 
can be given is 600 feet. 

On the other hand, it is generally assumed that full 
superelevation is unnecessary. Thus the committee 
on recommended practices for concrete road and 
street construction has recommended a mayimuli 
superelevation of three-fourths inch per foot of width 


on curves having a radius of 150 feet or less. ‘his }8 
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complete superelevation for a speed of not quite 12 
miles an hour on curves having a radius of 150 feet. 
Qn curves having a radius of from 150 feet to 500 feet 
the superelevation recommended is at the rate of 
one-half inch per foot of width, and for curves having 
a radius of over 500 feet the normal crown is recom- 








mended. These recommendations provide complete 






~ 


superelevation for a speed of 11 miles per hour on : 
curve of 200-foot radius, for 17 miles per hour on a 






eurve of 500-foot radius, while for curves having a 
radius of over 500 feet the effect of this reeommenda- 
tion is to trust to the stability of the vehicle itself to 






resist the total centrifugal force plus the slight addition 
thereto that results from the fact that the crown on 
the outer edge of the curve will increase rather than 
decrease the effect of the centrifugal force and conse: 
quently the tendency to skid. 

These recommendations have been analyzed in this 
fashion for the purpose of. emphasizing the fact that 
many authorities, and with entire justice, assume that 
the adequate protection of the traflic does not imply 
a superelevation which will counterbalance all of the 
centrifugal foree. Indeed, an analysis of the above 
recommendations would seem to indicate that the 
authors of these recommendations have assumed that, 
if the centrifugal force resulting from a speed of 10 







to 15 miles per hour is compensated, the stability of 
any well-built and properly driven vehicle will take 
care of all the additional side thrust that results from 
operating the vehicle within reasonable limits of speed. 
This is, of course, correct. Moreover, the introduction 
of superelevation to counterbalance part of the 
centrifugal force, though correcting the tendency of 





drivers to hug the inside of the road by rendering the 
outside as safe as the inside, does not so completely 
protect the traffic that it tends to correspondingl, 
increase speeding on the curves. 


METHODS OF ACCOMPLISHING SUPERELEVATION. 










The desired amount of superelevation may be 
secured in a number of ways, but is generally secured 
either 







(1) By revotving the surface about the center line 
a8 a axis; or 

(2) By revolving the surface about the inner edge 
of the pavement as an axis. 







There are some modifications of these two methods 
but, in most cases, the present practices in super- 
levation are in all essential points based on one of 
these methods. These methods are outlined in figure 3. 

The effect of these methods upon the grade of the 
center line and of the ditches is worthy “of mention. 
If the surface is revolved about the center line as an 
axis the effect will be to lower the inside edge of the 
Pavement and to raise the outside edge. This, in 
‘uts, will depress the grade line of the inner ditch and 
raise the grade line of the outer ditch. If the surface 
stevolved about the inner edge as an axis, the effect 












will be to raise the grade of the center line, causing 

slight hump in the grade. However, as the hump 
falls on the curve and is, therefore, not noticeable, this 
is a matter of little consequence. This latter method 
of superelevating curves has the tendeney to increase 
the amount of fill. 


RATE OF TRANSITION. 


The success of the superelevation of highway curves 
is considerably affected by the rate of transition that 
is adopted. No superelevation is required on tan- 


gents. As soon as a circular curve is entered the full 
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Fic, 2.—Curves showing relation between speed, radius, and superelevation on 


curves 


superelevation 1S required. Obviously, it is not pos- 
sible to change from the nonsuperelevated section to 
the fully superelevated section abruptly at the point 
where tangent and curve meet. The only course pos- 
sible is to employ an approach section in which the 
superelevation will increase from zero to the desired 
maximum. The proper development of the super- 
elevation in this approach section is almost as im- 
portant as the superelevation of the curve itself. If 
the change is made too abruptly the result will be 
unsightly and the shock of passing from the tangent 
to the curve disagreeable. Moreover, it is almost as 
illogical to develop the superelevation on the tangent 
as it is to develop it after the full circular curve has 












































been reached. 


The only correct practice is that which 
is indicated by the theory as expressed in the equation 
V? 


-p*' The velocity V being assumed constant, it 
e=15R : © 


follows that as the superelevation, ¢, is increased, the 


radius, R, should be decreased, which is equivalent to 











REVOLVED ON GENTER LINE OF SUBGRADE AS AXIS 


Fig. 3.—Methods of ace 


saying that the superelevation should be developed on 
a transition curve the radius of which should decrease 
from infinity at the point where the superelevation is 
zero to a minimum equal to the radis of the circular 
curve where the superelevation reaches its maximum, 


; i. e., at the P.C. Inrailroad practice the relation be- 
: tween radius and superelevation is worked out very 
carefully and conforms very closely to the theoretical 

relation. In highway design it is not necessary that 


the radius of the transition curve be made to vary so 
' exactly with the change in superelevation, because the 
vehicle traveling on the highway is not confined to a 
fixed track as the railroad train is. If the curvature 
of the surfaced way conforms approximately to the 
theoretical requirement, the -vehicle, by departing 
slightly from a concentric course, can take a natural 
path without being forced to leave the surfaced road. 
All that is necessary, therefore, is that the curvature of 
the road shall conform to the theoretical curvature 
with sufficient accuracy so that it will not be necessary 
for drivers of vehicles to pass beyond the center or 
the side of the road in following a natural course. 
Current American highway practice employs three 
approximations, as follows: 

(1) A circular curve of long radius on the inner 
edge of the road. 

(2) pra yrs circular curves in which the prin- 
cipal circular curve is joined to the tangent 
by means of one or more circular curves of 
longer radius. 

(3) Spiral transition curves, similar to these 
commonly used in railroad work. 

A satisfactory method, which has, for some 
reason, not been used in this country, con- 
sists in the use of parabolic instead of cir- 
cular curves. The parabola provides its 
own transition. 


TRANSITION NEEDED ON OUTSIDE. 


Whatever form of transition curve is adopted, there 
is just as much need for the use of it on the outer edge 
as on the inner edge of the pavement. One of the 
principal reasons for superelevating curves, as pre- 


viously pointed out, is to prevent the cars which be- 
long on the outside of the curve from cutting to the 

















for 
inside. To accomplish this purpose, the outside of vir 
the curve should be made fully as safe and as easy to =. 
drive around as the inside, else the motorist will take of 
the easier course offered by the inside. This means ou 
a Is” 
\ vo an aia, a tic 
Oh sate se === ~~. th 
—— be 
su 
T) 
REVOLVED ON INNER EDGE OF PAVEMENT AS Axis of 
omplishing superelevation re: 
not only that the fully superelevated section of th 
circular curve should be a plane surface but that the 
approach to full superelevation should be approxi- 
mately the same on both sides of the road, and that 
approximately the same relation of superelevation to 
radius of curve should be maintained on both edges in 
the transition section. 
Desirable as it is to maintain like conditions on bot! 
sides of the road, it is a fact that the present practic 
does not provide this condition. Without exception 
the State standards provide no transition curve fot 
the outer edge; and some of the States approximate 
the transition requirements of the inner edge by pro- 
viding a circular curve of long radius, a practice which 
leaves it to the motorist to make his own transitio! 
on the widened curve which results. It is, of course 
impossible to ease the outer edge of a curve treated 
in this manner, since the use of a parallel curve on the 
outer edge would simply result in a road with a cireula! 
curve, although it be of somewhat longer radius 
I 
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Fic. 4.—Diagram showing extra width required in turni 








T. C. and the P.C 





Not only does the present practice overlook the need 
for transition on the outside of curves, but by pro- 
viding for the elimination of the crown between the P. 
. it creates an unfavorable condition 
of superelevation for the car which is traveling on the 
outer edge in this section in which the superelevation 
Approximately half of the transi- 
tion section is required to eliminate the crown. In 


is being developed. 


this distance, the motorist, who has begun to round 
the curve at the point where the transition curve 
begins on the inner edge, has the advantage of no 
superelevation if he continues along the outer edge. 
The result is that he tends to move over to the inside 
of the curve, when the full circular curve is 
reached he is found well toward the center. 


and 
Fortu- 


3) SIMPLE CURVE witn SPIRAL APPROACHES 


) SIMPLE CURVE 


nately the added width of pavement which results 
from the use of the transition curve on the inside and 
the plain circular curve on the outside, leaves room 
for passing cars, but the extra width on the outside is 
practically useless. 

This matter sums itself up in the simple statement 
that both transition and superelevation should apply 
to the inside and the outside of the curve alike. 


FLAT SECTION AT P. T. C. ADVISABLE. 


But to bring this about it is necessary to start at the 
P.T. ©. with a crownless section and to carry this sec- 
ton to the P. T. T. Moreover, the simplest plans are 


the most accurately carried out in the field and tnere- 
fore it is well to have the crown reduced to zero at the 





Pe © 


purely construction standpoint. 


the work entirely by eye. 


in theory 


.and built up from zero at the P. T. T. from a 
This can be rather 


simply accomplished by raising the subgrade at the 
P.'T.C. by an amount equal to the difference between 
the crown thickness and the thickness of the flat slab 
section and setting the forms to taper back. By 
allowing 10 feet per inch of crown height, skilled 
workmen can change from the full crown to a crown- 
less section in a very acceptable manner, performing 


This method applies to 


macadam and gravel roads as well as to roads of the 
hard-surface types. 


The amount of crown that is used on the various 


types has been more or less fixed by custom but is, 


at least, governed by practical considera- 


4) PARABOLIC CURVE 


R 


2) COMPOUNDED SIMPLE CURVES 


Types of transition curves and method of widening 


tions involving the drainage of the surface of the road. 
There has, therefore, been some objection to the crea- 
tion of even short sections of highway not liberally 
crowned. This objection can be carried too far. In- 
deed, in designing curves, it has often resulted in 
plans which have been so difficult of accomplishment 
under normal field conditions that they justify the im- 
pression that, in spite of the common objections to a 
crownless section the greater accuracy of construction 
which will result from arriving at the P. T.C. with a 
flat section will more than justify the general adoption 
of this procedure. 
tion to this as applying to hard surfaced roads, for in 
such types the immediate drainage of the road surface 
is of minor importance. 


There can, of course, be no objec- 
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COMPLETE SUPERELEVATION NOT NEEDED. 


It has previously been shown that the equation of 
\y? 

15R 

that for any fixed value of V, that is, for any given 
speed, e should vary inversely as the factor 15R. 
Curves must, of course, be designed for one speed, and 
where there is a legal speed limit, they should be de- 
signed so that that speed is actually asafespeed. As 
previously pointed out, this does not imply that the 
superelevation shall fully counterbalance the centrif- 
ugal force at that speed, but it does imply that there 
shall be a policy as to the relation of these factors, and 
an established minimum of protection offered on all 
curves. Just what this minimum should be will de- 
pend somewhat on local conditions. The present 
practice of New York State, which provides as a stand- 
ard a 300-foot minimum radius of curvature and super- 


superelevation is ¢= from which it naturally follows 


elevation to compensate for a speed of 20 miles per 
hour on curves of this radius, with an increasing 
amount of compensation (see Table 1) for curves of 
longer radius (i. e., where the unobstructed sight dis- 
tance is greater) is the highest standard so far estab- 
lished. However, where this high standard can not 
be adopted, a minimum radius of curvature of 200 feet 
with superelevation to compensate for a speed of 15 
miles an hour, and increasing compensation for curves 
with longer unobstructed sight distances should prove 
quite satisfactory. 

Let it be assumed that it has been established that 
no curve will be constructed the superelevation on 
which will compensate less than 15 miles per hour. 
If, then, a curve of a radius of 200 feet is to be built 
and the transition is to be composed of two curves 
having radii of 800 feet and 400 feet, the superelevation 
should be 0.019 foot per foot of width for the first 
curve, 0.038 foot per foot of width for the second curve, 
and 0.075 foot per foot of width for the full curve. For 
all practical purposes a linear increase in the super- 
elevation from 0 at the P. T. C. to 0.075 foot at the 
point of full curvature would, in this case, be satis- 
factory and, by many engineers, preferred to any other 
system. Such a transition should apply, with proper 
adjustment for the longer radii to the outside as well 
as the inside of the pavement. 

If a closer control is desired it can be readily ob- 
tained by using either spiral transition curves or 
parabolic curves, instead of compound circular curves. 
The peculiar virtue of these curves lies in the fact that 
they closely approach the path actually traversed by 
a fast-moving car. It takes an appreciable time to 
operate the steering device on an automobile. During 
this time the car is moving rapidly ahead. The result 
is not a circular path, but one the radius of which con- 
stantly changes as the wheel is turned. From the 
standpoint of the driver of such a car the minimum 
radius to which he must drive is, therefore, of vastly 
less importance than that he be given a proper space 


in which to conform the direction in which his car is 
moving to that radius. Moreover, from the stand- 
point of the driver, it is just as simple a matter to op- 
erate his vehicle on a curve of constantly changing 
radius as on a curve of uniform radius. providing the 
rate at which the radius changes is within the norma! 
control limits of his ear. He would, therefore, prefer 
to drive over a sharp curve having proper approaches 
rather than to operate on a curve of longer radius to 
which there are no approaches. For this reason bot! 
the spiral transition and the parabolic curve are pleas- 
ant to drive over and, relatively, much safer than 
simple circular curves. Moreover, as the actual radii 
of these curves shortens from infinity to the minimum 
used by well-known mathematical rules the superele 
In the case of the 
parabola it can be handled, where superelevation is by 


vation can be readily adjusted. 


revolution on the inner edge, by the simple process of 
treating the elevation of the outer edge as a parabolic 
vertical curve having its apex at the apex of the hori- 
zontal curve. 

Short 


curves to lay 


parabolic curves are the simplest of all 
out. They depart from standard 
American practice, however, in that they are chained 
and that, 
in practice, they are generally figured in the field 

no tables being used. 


in—no instrument work being required 


This has, no doubt, preju- 
diced some against their use but as both the calcula- 
tions and the chaining are very simple this prejudice 
rapidly disappears wherever they are introduced. 
Spiral transition is so fully treated in texts on rail- 
road engineering that it will not be discussed here 
except to say that, for curves as sharp as those used 
in highway work, the spiral transition s2ctions will 
usually be laid off by offsetting from the tangent. 
Where spiral transition curves are used, as where 
compound circular curves and parabolic curves are 
used, the outside edge of the pavem-nt as well as the 
inside edge should be treated. 

No matter what kind of curves are used, the length 
of the transition should vary inversely with the radius 
of curvature of the full curve. There are, at present, 
no well defined standards governing this matter but 
current practice suggests that it will probably be 
found that a 100-foot transition section will give 
easy transition to a curve of 200-foot radius. This 
is equivalent to a period of nearly 3 seconds in which 
to divert a vehicle moving at the rate of 25 miles an 
hour, from a straight course to a circular course of 
the above radius. For curves of longer radius, the 
diversion is not as great and the transition can be 
correspondingly decreased. 


WIDENING OF CURVES. 


Because of the fact that the rear wheels of ordi- 
nary vehicles are fixed causing them, when round- 
ing curves, to travel on a different radius from the 
front wheels it is advisable that some added width of 
surface be provided on curves of short radius. 


This 
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added width should vary with the radius of the 
curve, the gauge of the wheels and the length of the 
vehicle as outlined in figure 4. By consulting this 
figure it will be seen that, 

R}=(FR,+G)74+ 12? W,=R 


in which 


-R, A=R,—-(R,+@ 


R,= Radius of inner rear wheel curved track 
in feet. 

R, = Radius of outer front wheel curved track 
in feet. 

(¢ = Gauge of wheels in feet. 

L = Wheel-base length in feet. 

W, =F ull width required for clearance in feet. 

A=Amount of widening required in feet. 

Thus, a touring car having a 136-inch wheel base 
and 56-inch gauge, turning on an outer front wheel 
radius of 21.2 feet, would be turning on an inner 
rear-wheel radius of 13.2 feet and would require an 
added width of 3.3 feet. Similariy, a 5-ton motor 
truck of 168-inch wheel base, turning on an inner 
rear-wheel radius of 25 feet would require an added 
width of 3.1 feet to maintain the same clearance 
provided for on tangents. Fortunately, the radii of 
the curves usually used are greater than the 13.2 
feet and 25 feet assumed in these examples, but they 
illustrate why it may be advisable to widen the 
pavement on sharp curves. For a 150-foot radius, 
the added widths would be 0.3 foot for the touring 
car, and 0.4 foot for the 5-ton truck. 

The ordinary procedure in widening the pavement 
on curves is to increase the width by an amount 
which is considerably greater than what is theoretically 
required to compensate for the fact that the wheels of 
a vehicle do not track. Where such widened curves 
are properly banked it will be observed (1) that the 
added width on the inside of the curve is being con- 
stantly used (2) that both the inside and outside lines 
of traffic are proceeding in paths that resemble a 
parabola, and (3) that a width on the outside of the 
pavement corresponding approximately to the addi- 
tion on the insidg of the pavement is little used. The 
natural deduction from these easily checked state- 
ments is that the widening of the pavement on ordinary 
curves is of relatively little importance, but that it 
is a matter of real importance that curves be so 
approached that vehicles shall have a reasonable 
distance within which to adjust their course to the 
curvature in the alignment of the road. 

As a matter of fact, the reason that vehicles do not 
use the outside of widened curves is that, generally, 
there is no transition between the tangent and the 
full circular curve on the outer edge of curves as they 
are now designed. As a result the outer line of 
vehicles, in making its own transition, cuts in from 
the outer edge of the pavement, leaving the extra 
width practically unused. The conclusion from this 
is that the only widening that is required is that which 


is necessary to provide turning space for the rear 
wheels plus a small addition to satisfy the psychological] 
demand for more passing room on curves. If, with 
this small additional width, carefully designed 
approaches were provided on the outside as well as 
the inside of the curves, the result would be perfectly 
satisfactory and there would be a distinct saving in 
the amount of pavement laid on each curve, the 
saving being in the general shape of a lune extending 
from the P. T. C. to the P. T. T. and having, as its 
maximum width, a large part of the extra width now 
laid on the inside of curves. 


CONSTRUCTION METHODS. 


The execution, in the field, of superelevation and 
widening requires care and skill. Indeed, an engineer 
should always be employed to stake out work of 
this character and to keep check on it during con- 
struction. Where curves are widened the widening 
should be made a part of the pavement and _ built 
simultaneously with the rest of the pavement. 

The greatest difficulty in constructing superelevated 
curves occurs in the section where the crown is 
eliminated, and unless these sections are carefull) 
built they are apt to be rough and the comfort of the 
traveler as well as the permanance of the road 
adversely affected. Where the crown is eliminated 
before the transition section is reached the elimina- 
tion is generally done by eye, and both the transition 
and the superelevation are tended to by an adjust- 
ment of the side forms. 

This method is applicable to all types of pavement. 
Where it is used for gravel or macadam pavements 
stakes instead of side forms are set both on the 
inside and the outside of the pavement and the sub- 
grade prepared and the metal spread in accordance 
with these stakes. Of course, no very great accurac) 
can be secured with pavements of this type, as surfaces 
compacted by rolling are always somewhat wavey, 
but with a moderate amount of experience and with 
sare in calculating the amount of material which 
must be spread in order to secure a given thickness 
of finished road, the results will be entirely satisfactory 

In taking out the crown, when this is done before 
the superelevation is begun, an allowance of 1() feet 
per inch of crown is ample. Where the elimination 
of the crown and the transition are combined this Is 
sometimes accomplished on concrete roads by the 
use of false forms, and efforts have been made te 
use adjustable templets. The adjustable templet !s 
ideal in theory, but in practice it has been found 
difficult to manipulate and has been generally aban- 
doned. Beyond the section in which the crown !s 
eliminated there is no difficulty. The practice o 
using no crown where there is full superelevation 's 
universal and the added width offers no problem of 
importance. The forms can be, and indeed are, sé! 








State practices in superelevation and easement of curves 
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to the established grade and concrete manipulated as 
on other parts of the work except that, even though a 
machine finisher is used on other parts of the work, 
hand methods of finishing have to be used on the 
curves. 


STATE PRACTICES IN SUPERELEVATION. 


Although not all of the State highway departments 
have established definite standards for the supereleva- 
tion and easement ‘of highway curves, a sufficient 
number have outlined their practice in their plans and 
specifications so that a general survey is possible. The 
table on page 11 gives this information in brief and 
shows the method of obtaining superelevation, the 
pitch of the totally superelevated section, the lengtl 
of transition section and the rate of transition, together 
with the amount and character of the extra width of 
pavement used in connection with superelevation for 
the States listed. 

METHOD OF SUPERELEVATION. 

As previously pointed out, the superelevation is 
accomplished by revolving the pavement on the center 
line as an axis or on the inside edge as an axis. <A 
glance through the table indicates that the first method 
is the one most commonly adopted. This is as might be 
expected, for under this practice the center-line grade 
is not distorted and there is no appreciable modifica- 
tion in the quantity of earthwork which must be 
handled. 


THE PITCH OF FULLY SUPERELEVATED SECTIONS. 


The pitch of fully superelevated sections varies con- 
siderably. In Ohio the maximum rate of supereleva- 
tion, which applies to all curves of four degrees or 
sharper is one-half inch to the foot. In New York a 
pitch of 1 inch to the foot is used where the radius is 
300 feet. In Michigan the same pitch is used for a 
radius of 150 feet or less. Practically all of the States 
vary the amount of superelevation as the radius of 
curvature varies. In this regard, as in the amount of 
superelevation used, the New York State practice 
deserves special study. By comparing the New York 
practice with the rates of superelevations and the 
radii shown in figure 2, it will be observed that the 
New York practice furnishes complete superelevation 
for a speed of 20 miles per hour en curves of 300-foot 
radius, and a complete superelevation for a speed of 
30 miles per hour on curves having a 1,500-foot radius. 

Speaking generally, the protection offered on curves 
whose radii lie between these limits is from 20 to 30 
miles per hour. Speed limits in New York State are 
somewhat higher than in most States, but these facts 
serve to indicate that the policy in New York is to 
superelevate highway curves so that the traffic will be 
almost completely protected within the legal speed 
limits éxcept on curves which are so short that drivers 
would normally choose lower speeds. 





TRANSITION SECTION AND RATE. 


In the matter of transition, as in other matters, 
State practice varies considerably. The length of the 
transition section should be such that a car moving at 
the legal rate of speed, say 25 miles per hour, can be 
comfortably diverted from the tangent to the full 
curve within the transition section. As a speed of 25 
miles per hour is equivalent to a speed of 36 feet per 
second, it can be readily seen that transition sections 
of some length are necessary. In Ohio the transition 
section is 100 feet long without reference to the radius 
of the curve to which it is an approach. Other States 
generally follow a similar system. Indeed, it is only 
in New York State that the length of the transition 
section is a function of the radius of curvature. Log- 
ically, is takes longer to divert a car from a tangent 
to a curve of 300-foot radius than to a curve of 2,500- 
foot radius and this fact has been recognized by the 
New York authorities to the extent of requiring an 
85-foot transition section in the first case as against 
a 35-foot transition section in the second case. 


FULLY SUPERELEVATED SECTIONS. 


Without exception the States which superelevate use 
a uniform slope from edge to edge and a uniform thick- 
ness where curves are fully superelevated. The thick- 
ness of the pavement varies from project to project 
in many States, and as traffic conditions change, in all 
States. Therefore, no definite statement as to thick- 
ness can be made. In general, nowever, the practice 
is to use a thickness on the superelevated sections equal 
to the edge thickness on the tangent plus one-half of 
the crown on tangents. 


EXTRA WIDTH OF SURFACE. 


There is as much variation in regard to the widen- 
ing of curves as in regard to any other matter. As 
stated above, the widening of a curve has the effect of 
flattening the path used in driving, which is equiva- 
lent to lengthening the radius. If the transition Is 
carefully worked out widening can be legitimately 
omitted except under the circumstances previously 
discussed in this article as applying principally to 
curves of very short radius. Thus in West Virginia 
no additional width is used where the radius is 200 
feet or greater and a maximum additional width of 
3 feet is used where the radius is 75 feet. This is only 
the amount necessary to take care of the failure of the 
hind wheels of an ordinary vehicle to track with the 
front wheels increased by a reasonable margii of 
safety and is based on the assumption that where the 
approach to a curve is properly designed and _ the 
curve is liberally banked, this is all that is necessary. 

On the other hand, from this very conservative and 
technically accurate position there is considerable 
divergence in other States. The maximum diverg- 


[Concluded on page 18.] 












FTER using 200,000 pounds of War Department 

TNT in road construction, the writer considers 
it the best all-around explosive for road work, and 
believes that when it is thoroughly understood it will 
produce the best results in any kind of work where 
blasting is necessary. 

It is the safest of explosives to handle. Though it 
is advisable not to handle it without gloves, it has been 
observed that the majority of powder men soon discard 
the gloves, and no bad effects are experienced. This 
practice, however, is discouraged in the use of any 
blasting powder. 

Though water decreases its efficiency, it does not 
seriously affect it unless it is exposed until it becomes 
thoroughly saturated. Good results can be secured in 
wet ground if holes are not left loaded too long. 

Large quantities of it have been used in the National 
Forest road work of the Bureau of Public Roads and 
its value has been tested in a number of classes of work. 
We have learned that good results can be obtained in 
practically all sorts of work, but to obtain the best 
results the methods of use must be adapted to the 
peculiar characteristics of the explosive. 


METHODS USED IN GRUBBING. 


For use in blasting stumps up to | foot in diameter 
it has been found that a single charge under the center 
or against the tap root is sufficient. The size of the 
charge, however, must be varied according to the 
nature of the ground, and as this varies according to 
locality and even in different sections of the same road, 
no hard and fast rule governing the amount of the 
charge can be laid down. In blasting large stumps it 
is generally necessary to put charges under the main 
roots as well as under the center. The important 
thing to remember is that all charges should be we!l 
up against the stump and well covered and tamped. 
Under such conditions it is most convenient to explode 
the charge with a battery. But if a battery is not 
available, the following method can be used. Prepare 
each place for the major charges under the stump: 
then from these prepare a small connecting trench. 
Next load the holes and connect them with runs of 
TNT about as large as a seven-eighths-inch stick of 
dynamite laid in the connecting trenches. Cover all 
with fine dirt and make sure that no air gets to the 
charge in any place. A No. 8 cap and fuse in any one 
of the major charges will produce complete detonation. 
The only objection to this method of loading is the 
possibility of not getting the entire charge tamped so 
that it is air-tight. It has been found that an excellent 
way to confine TNT in stump shooting is to use tin 
cans as containers. They are much better than any 
kind of tamping bag for pot-hole shooting. 
21591—-21——_8 


TNT A SUCCESS IN ROAD WORK 


By LUKE E. SMITH, Superintendent of Road Construction, Bureau of Public Roads. 





CHEAP DITCHES AND DRAINS. 


A great deal of labor can be saved and costs greatly 
reduced on nearly all classes of work by using TNT to 
form ditches and drains. The single precaution to be 
observed to assure success is to keep the charges dry. 
By using tin cans as containers for the TNT and sink- 
ing them at uniform distances the charge will be kept 
dry even when the ditch runs through wet ground, 
and a complete ditch will be formed with a minimum 
of labor. In this case, as in stump blasting, the size 
of the charge should, of course, be altered with the 
character of the ground and the size of the ditch 
desired. 


THE BEST EXPLOSIVE FOR ROCK WORK. 


The results of TNT in rock blasting are so far 
superior to those of any other explosive that we have 
found that an experienced powderman who has once 
used TNT can hardly be induced to use anything else. 
Used in drill holes the results are better beyond com- 
parison than can be obtained with 40 per cent dyna- 
mite, regardless of the nature of the rock. All that is 
necessary is to vary the size of the charge according 
to the hardness of the rock and the amount of exca- 
vation per hole. In extra hard rock it is the best 
explosive that can be used to spring holes. In spring- 
ing soft material it has been found advisable to insert 
a section of gas pipe into the hole long enough to 
extend to within 1 foot of the bottom, then load the 
spring charge and fire. The gas pipe keeps the hole 
from crumbling and the TNT is quick enough to com- 
press the walls of the chambers, which seldom ravel. 
The success of this practice, however, depends on the 
skill of the powderman. For crevice blasting TNT 
has no equal. It exerts a greater moving force than 
black powder. It seems to have greater shattering 
power, especially in a downward direction, than other 
explosives, because its quickness causes the rock to 
break across the seams without following them. 

In some of the work of the bureau the use of TNT 
has made it possible to dispense with drilling machin- 
ery. It has been found that a small charge placed in 
the slightest depression in the hardest kind of rock 
will open a pocket or crevice into which a good charge 
can be placed which will produce the best results. 
In moving rock by this method during the past season 
2 pounds of TNT per cubic yard were used on ene 
project. At 50 cents per pound the cost of the explo- 
sive for this work would be $1 and with other supplies 
the cost per cubic yard would be about $1.10. Com- 
paring this method with the use of drills, the average 
charge used per cubic yard in drilled rock is 1 pound; 
the cost of blasting would therefore be about 55 cents 
percubic yard, At the present scale of wages, figuring 
10 feet per machine per day, drilling costs 87 cents per 
cubic yard on many of the forest roads on account of 
their inaccessibility and high transportation costs and 
the extreme hardness of much of the rock. The 
comparison can be readily made with this data; the 
cost is $1.10 without drilling and $1.42 if the rock is 
drilled. The use of TNT instead of drilling saves 32 
cents. Under other conditions the saving would not 
beso great with TNT valued at 50 cents per pound. 

















| ‘ . 
he fe 
e ? Treaties, ‘ 
( b., V4. 
) Es ; . 
| ; * 
~ 



















, = 
i eo: ce 
| , BAY CITY 
‘ 
5 4 MUSKEGON ALMA g ASAGINAW 
‘ ay 
ain ST. JOHN FLINT 
| GO. HAVEN \O J — 
; i ANO ey ion 
— HOLLAND | o LANSING PONTIAC B'ST.CLAI 
goMe: \ HOWELL y Amt EMENS 
* ee” ‘ -- ——— «= eutiie eer an | 






































“fo . j 
\. tee % WAUKEGAN > DETROIT i 
‘ KALAMAZOO 
a , DIXON ) THREE RIVERS 
Fee FULTON » re Om, DE WALS MONESVILLES i 
5 . ROCHELLE” en o/ MONROE 
MORRISON : 
0 a STERLING 5 ee 
’ : . . GOSHEN 
he, aa JOLIET ¢ : ’ BRYAN WAUSEON 
ao FF vpupariso 
UTHS ALBION FREMONT 
‘ | PLYMOU saute | 
} ; ROCHESTER of 
’ ° | ' 
PF ees oo ame J PEORIA WATSEKA " PERU | 
a PEKIN : | at oo 
Y | KOKOMO : i 
( , ! | 
; k 
oat 7 ! 
es ‘ DANVILLE | 
\ ! | — 
: " SPRINGFIELD ' INDIANAPOLIS COLUMBUS 
< 7 : | DANVILLE DAYTON 
. ‘ . . ' 
es ba ' 
“ee” “\ FRANKLIN 
‘ 
2%; ' COLUMBUS WRENCEBURG 
— ( ¢ VERSAILLES pice 
aan e . i Nie 
» ss *, . ‘ . 
See / sy a Nii 1 
‘ VINCENNES ‘ a ™ “ 
’ - \Se- 
, / waBninsTOn ae om we ‘ 
a ’ ™~ if Yr 
‘ ’ : JASPER 
. ies ( NEW ALBANY C=O jerFERSONVILLE ; 
‘\ BOONVILLE 4 
te ic EVANSVILLE 2 J 7 
. im + ite Pe) 4 
\ ‘sit md 
a 
N ’ 
) — id see —-. ee ‘ . 





- 
v4 
— 

\ 





Phil 


Beaver to Pittsburgh, Pa., practi O BE CLEARED OF SNOW 


adelphia to 





—S SS 





Delaware line, a toll road 









\ ’ YAVERHILY 
LAWRENS & 
-” ' Lowell 





Oo 
_ 








west FieLd 


winst e0y 


avr? a 


aneury " 


. 


) “pat THR Ob 
* o b? 
AacKerTsrown, , Y YS 
call Ps f BNEW YOR 
°. g o pe oe? 


“ag oo st. LeNTOWN ~ 
ALL ° o \Pt « cA 
~Y 
BR aseBuRY PARK 





q 
ALAOING Prine 
> 
CARL! SLE, TRENTON ° 
cK KEWOOC 
BEDFORD Lc amo 
D pHILAd A CAMOES 
* *, 4 
UNIONTOWN CHAMBERSBURG GETTY SSUES = api _ Y 
CUMBERLAND a aa aoe es N 
AGERSTOW™ EY “ ° 
Q peRRYV te y + bdcalem 
BELAIRY? me ‘. ATLANTIC CITY 
ecION 
couRT woust 








OfcaPe maAY © 
bVER 


{/ 
a OAKLAND © (7 
‘ ‘ 
‘ / VY 
{ | g ™ c\TY 
} | CAPE Ay ©! 
| Gtr ETOWN 
| 
| ig 
i R 
f 
| / * 
i 
a 
” el 
Ne 
s 
Ww 


eeee -* o oe + 
*, 2”. * " 





 ACCORDIN 
G 
TO STATE HIGHWAY DEPART 
MENTS 


14-15 











ee 


” 
o 
” 
» 





16 


THE HOW AND WHY OF TRUCK IMPACT 


By Earl B. Smith, Senior Assistant Testing Engineer, Bureau of Public Roads. 


HE impact forces brought to bear on modern 
highways by heavy motor trucks have for some 
time occupied a large share of the attention of high- 
way engineers. The study of these forces, their 
amount and character and the more accurate deter- 
mination of their effect on highway surfaces is one of 
the major subjects under investigation by the division 
of tests of the Bureau of Public Roads. 

Previous articles in this magazine have reported the 
progress which has been made in determining the 
intensity of such forees, and later articles will enter 
more fully into this phase of the subject and add to 
the large body of test data which is rapidly developing: 
In addition to the intensity of the forces themselves, 
it is highly desirable to investigate their effect on the 
road surface. For the lack of a better method of 
expression the results of the tests conducted by this 
bureau have been recorded in terms of ‘‘ equivalent 
static load.””’ Though this will suffice for the present, 
it is very probable that some better measure of te 
effect of impact must be obtained before it will be 
possible to design roads in a thoroug)ly rational 
manner. That the effect of impact is not the same 
as the effect of equivalent static pressure is a matter 
of common observation. Everyone has observed 
that steady pressure applied to a pane of glass will 
splinter and break it in many directions, while a 
high velocity bullet directed against a similar pane 
will pass through it leaving a small hole in an ot!er- 
wise uninjured pane. This effect is now receiving the 
attention it has long deserved, and the results thus far 
obtained in the tests which are under way encourage 
the belief that possibly we shall be able to account for 
the diference between im»pact and static pressure. 

It is not the intention of this article to enter into a 


discussion of these subjects, but simply to present a 
brief analysis of the action of the various parts of the 
motor truck as it passes over the road, and of the effect 
of the several parts in producing impact and pressure 
forces which are applied to the road through the 
wheels. 

FACTORS WHICH PRODUCE IMPACT. 


The impact which results when the moving truck 
strikes an obstruction on the road or passes over such 
surface irregularities as waves, potholes, and joints, 
is a function of several factors, most of which originate 
in various parts of the truck. These factors are: 
The sprung weight, or all weights and loads above the 
springs; the unsprung weight, which includes wheels, 
tires, axle, springs, and all other effe:tive weights 
under the spring; the kind and condition of the 
tire; the spring characteristic which is its deformation 
or deflection under different loads and its period of 


vibration; the horizontal speed of the truck; and the 
character of the road surface, involving the size and 
shape of the obstructions or irregularities over which 
the wheel passes. 

To deal first with the last-named factor, the irregu- 
larities and obstructions presented by the road sur- 
face mftst share responsibility with the irregularities 
and defects of the tires as the prime cause of whatever 
impact is produced. Given a perfectly smooth road 
surface, traveled by a truck with perfectly smooth 
circular tires, and there would be no impact, regardless 
of the truck’s weight and speed. But since perfect 
smoothness of either road or tire is a condition it is 
practically impossible to attain, it follows that impact 
must be recognized as an inevitable force and its 
destructive effects may be reduced by proper design 
of the road and the truck. 

In general, the effect of increasing the horizontal 
speed of the truck is to increase the impact. The be- 
lief formerly held that the impact would vary as the 
square of the speed is not borne out by careful investi- 
gation. In the tests made thus far it has been ob- 
served that the intensity of the impact has varied with 
some power of the speed, but this power is less than 
two and may be as low as one. Indeed, under some 
conditions, as when the truck is projected over the 
edge of a horizontal section of pavement and falls to a 
lower section the impact may be practically independ- 
ent of speed. 

The factors of speed and surface and tire irregularity 
may be regarded as the factors which create the eondi- 
tions resulting in impact. The quality of the impact 
and the intensity of it are naturally affected by the 
relations of sprung and unsprung weight, the charac- 
ter of tires, and the characteristics of the spring used in 
the design of the truck itself. 

Since impact is the force resulting from a mass being 
moved or brought to rest with a certain acceleration, it 
is greatest when ‘‘mass times acceleration’’ is a maxi- 
mum. Whatever adds to mass or acceleration tends 
to increase impact and whatever is done to reduce 
mass or acceleration will tend to decrease impact. 


THE EFFECT OF THE SPRINGS. 


In dealing with motor trucks the total mass is really 
made up of two masses which are separated from each 
other by a spring. If the whole mass falls free from 
some considerable height (that is, several feet) its net 
acceleration will be that of gravity, but the negative 
acceleration at the moment of impact will not be the 
same as if the truck were a single solid mass. This is 
the result of the cushioning action of the springs which 
reduce the deceleration of the sprung parts. In this 
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case the sprung parts really do not add to the impact 
of the unsprung parts, but rather produce intensified 
pressure a moment after impact when the spring de- 
flection reaches the maximum. This action of the 
spring has simply reduced the deceleration of a part of 
the mass and thereby decreased the impact effect from 
what it would have been if the whole acted as a single 
rigid mass, 

Now, let us suppose that the truck be supported at a 
height of only 3 inches above the road instead of sev- 
eral feet as in the former example, and suppose that 
the deflection of the spring under the weight of the 
part of the mass above it is greater than 3 inches. If, 
then, the whole mass is dropped by releasing that part 
of the mass under the spring this unsprung mass will 
be accelerated downward by the combined effect of 
gravity and spring pressure with the result that it will 
have a very high velocity and be brought to rest very 
suddenly upon striking the pavement. This down- 
ward velocity and final deceleration may be very 
much greater than could be obtained by a free fall from 
a height of several feet. In this case the sprung mass 
has dropped very slightly but the initial compression 
of the spring has increased the velocity of the unsprung 
parts and thereby increased the impact produced by 
those parts. 

Again, suppose that instead of supporting the truck 
at a height above the road which is less than the spring 
deflection, it is supported at some height somewhat 
greater. Now, if the unsprung weight be suddenly 
released, the whole mass drops but the unsprung parts 
by virtue of the propulsion of the spring will at first be 
accelerated faster than the mass as a whole. Then if 
the drop is sufficient to permit the spring to reach the 
limit of its oscillation before the wheels strike the road, 
the effect will be to decrease the velocity of the un- 
sprung parts, relative to the whole mass, by the re- 
verse action of the spring. In this case the action of 
the spring may actually serve to reduce the impact of 
the unsprung parts. 

Thus it is seen that the springs of a motor truck 
tend to reduce the impact of the truck as a whole by 
reducing the vertical deceleration of the sprung parts; 
that under some circumstances they may reduce the 
velocity of the unsprung parts, but that under most 
actual conditions they may tend to increase impact 
by adding to the velocity of the unsprung parts. Their 
effect upon the impact in any case, is through the 
modification of the deceleration of the sprung and 
unsprung portions; this effect on the unsprung por- 
tion being due to a change in the vertical velocity at 
the beginning of impact. 


THE EFFECT OF THE TIRES. 

Having analyzed the action of the spring in this 
way, let us now examine the effect of the tires. The 
tires are designed to do for the unsprung parts what 
che spring does for the sprung parts, i. e., to reduce 
















































their vertical deceleration. The extent to which they 
accomplish their purpose depends upon their ability 
to deform or yield uader the blows of the truck above 
them. The harder they are the greater will be the 
acceleration or deceleration of the truck mass, and the 
less will be their effect in reducing impact. A wheel 
tired with hard rubber, upon striking an obstruction 
on the road surface will produce relatively great 
impact, because it is only slightly cushioned by the 
tire, and is brought to rest in a very short space of 
time. If the same wheel be fitted with a softer tire 
the impact will be smaller, and its value will be a 
function of the deformation of the tire. Herein lies 
the advantage of pneumatic over solid rubber tires. 


THE TRUCK IN MOTION. 


In the foregoing discussion the action of the springs 
and tires has been studied under conditions of free 
fall from an initial state of rest. The question which 
will naturally arise is, do these conditions pertain to 
the action of the truck when it is moving over the 
road? What actually happens when a truck moves 
over a road? In the first place, the wheels are con- 
tinually rising and falling as they encounter obstruc- 
tions or irregularities in the road surface. At the 
same time the tires are alternately in a state of com- 
pression and release. The unsprung parts follow the 
wheels, rising and falling more or less sharply accord-_ 
ing to the kind and condition of the tires. The motion 
of the unsprung parts is transmitted to the sprung 
parts through the spring which oscillates up and down 
under the repeated blows of the axles. Such is the 
effect of the springs, however, that the motions of the 
sprung parts are much less abrupt than those of the 
unsprung parts. Their rising and falling occupies 
a longer period, and because of this difference in the 
period of oscillation, at any instant the sprung and 
unsprung parts may be rising or falling together or 
the one may be rising while the other is falling. 

The movement of the sprung parts when the wheel 
strikes an obstruction is comparatively slight at the 
instant of striking. Their period of vibration, because 
of inertia, is rather long in comparison to the period 
of the unsprung parts. The displacement or maximum 
movement of the sprung weight occurs at some time 
after the impact, and produces intensified road pres- 
sures, which may be greatly more than the total load 
of the truck. 

The unsprung parts act in an entirely different man- 
ner. When the wheel strikes an obstruction in the 
road it acquires an upward velocity depending upon 
the height of the obstruction and the speed of the 
truck. The reaction on the road surface is a force 
depending for its value upon the maximum vertical 
acceleration of the wheel, the mass of the unsprung 
parts and the spring pressure. The wheel may con- 
tinue to move upward even after passing the obstruc- 
tion, until the movement is overcome by spring 


pressure and inertia. 
the combined action of gravity and spring pressure, 
and thus produces another impact on the road sur- 


It is then shot downward by 


face. The vertical reaction of this upward movement 
of the unsprung parts serves to retard slightly the 
fall of the body or sprung parts of the truck, and when 
this body does fall it is partially cushionéd on the 
spring, and does not really produce an impact; but 
it does produce an additional pressure on the road 
surface somewhat like that of a suddenly applied 
load, which, as mentioned above, may be greatly 
more than the weight of the truck. 

It will readily be seen that the magnitude of the 
impact as the wheel passes over obstructions is de- 
pendent upon the speed of the truck. It is the un- 
sprung weight and the value of the spring pressure 
which produces the actual impact. The greater the 
spring pressure and the greater the unsprung weight 
the greater will be the impact. The movements of 
the sprung weight do not actually result in impacts, 
but in intensified pressures. As a factor in produc- 
ing spring pressure, however, the sprung weight does 
add to the impact of the unsprung weight. 

From these statements it may be seen that while 
the weight of the unsprung parts is-a direct factor 
in the resulting impacts on road surfaces, it is not 
necessarily true that the heavier unsprung weights 
produce always the greatest impact. On the con- 
trary, conditions may be such, with a light unsprung 
weight, on. hard, nonresilient tires, under the influ- 
ence of large accelerations or decelerations, that high 
impact values will be produced. It should be noted 
that this discussion of the effect of unsprung weights 
applies only to impacts on road surfaces and not to 
the effects produced on the truck itself. 


THE EFFECT OF MASS. 


Up to this point the attention has been centered 
upon the parts of the truck which affect impact 
through their effect upon the ‘‘acceleration’’ factor. 
The springs and tires reduce impact by reducing 
acceleration. It is obvious that the only other means 
of reducing impact is to reduce the mass of the truck, 
or since the impact is delivered through four wheels, 
to reduce the mass on any wheel or pair of wheels. 
In this direction lies the possibility of a considerable 
further reduction of impact, because motor trucks, as 
now designed, generally carry the larger part (up to 
90 per cent) of their weight upon the rear wheels. 
In the average heavy truck the body is nearly balanced 
upon the rear axle. Normally a small amount of the 
carried load goes to the front wheels, but so near is 
the balance on the rear axle, that a slight eccentricity 
of loading will often result in decreasing the load on 
the front wheels. The effect of the truck upon the 
road surface depends upon the impact delivered by its 
heaviest wheel. It follows, therefore, that a substan- 





tial reduction in the destructive effect of the truck can 
be made by distributing the load more uniformly to 
the front and rear axles, thus reducing the load on the 
rear wheels. 

This change alone would go far to reduce the heavy 
burden laid upon the public in the shape of repair 
bills for roads damaged by motor trucks. What else 
can be done? Roads can be kept smoother by better 
maintenance, though in the nature of the case they 
can not be kept so smooth as*to eliminate impact en- 
tirely. Solid rubber tires can be kept in better re- 
pair, or better still, abandoned in favor of cushion or 
pneumatic tires wherever possible. 
can be kept within reasonable limits. Such measures 
will reduce the intensity of the destructive force. 
Whatever impact remains when these things have 
been done is the force which it is the duty of high- 
way engineers to provide against in the design of 
future highways. 


Operating speeds 


SUPERELEVATION AND EASEMENT 
AS APPLIED TO HIGHWAY CURVES 


[Concluded from page 12.]} 


ence is in the State of New York where an additional 
width of 3 feet is allowed on curves having a radius of 
2,500 feet, which additional width is increased by 
stages until for a radius of 300 feet an additional 
width of 8 feet is used. Unquestionably this adds 
something to the safety with which curves can be 
used by fast moving vehicles, but it also adds con- 
siderably to the cost of construction and under ordi- 
nary circumstances, that is, where both safety and 
expense must be considered, a combination of the 
New York standards as to the amount of supereleva- 
tion and the West Virginia standards as to widening 
with a liberal allowance for transition distances will 
probably prove to be as safe as any solution which 
can be devised and as cheap. 


SUPERELEVATION OF REVERSE CURVES. 


Ohio specifies that, where possil le, reverse curves 
shall be separated by tangents at least 100 feet in 
length. On short curves, where this is impossible, the 
cross-section is made level at the point of reverse curve 
and the superelevation gained in a distance of 100 
feet in each direction. Mr. G. A. Curtis, district en- 
gineer of the Massachusetts Highway Commission, 
suggests that 30 feet of transition should be allowed 
for each one-fourth inch change in pitch. Thus the 


change from one-half inch pitch per foot of width to a 
full reverse of one-half inch pitch per foot of width 
would require the same distance as to reach a super- 
elevation one inch per foot of width, that is, 120 feet. 
Where parabolic curves or spiral transition curves are 
used an intervening tangent, though desirable, is no! 
as necessary as it is in most of the prevailing designs. 
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DESIGN AND CONSTRUCTION 


OF BRIDGE FOUNDATIONS 


By Llewellyn N. Edwards, Senior Highway Bridge Engineer, Bureau of Public Roads. 


N view of the rapidly increas- 
ing demands of traffic upon 
our highways the design and 
construction of new bridges 
should involve provisions not 
only for existing conditions 
but also for those which may 
reasonably be expected in the 
future. Naturally enough we 
can not plan intelligently for 
the future unless we can fore- 
see the conditions with which 
we will have to deal: we can 
not create efficient designs un- 
less we have a knowledge of the 
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future will assist in the making ‘ , 
REQUIRED 


of well developed guesses. 

Speaking generally, a bridge structure consists of 
three portions or parts, Viz: 

(1) The superstructure or spanning portion sup- 
porting, in addition to its own weight, pedestrian, 
vehicular, and other so-called “live” loads. 

(2) The substructure supporting the superstructure 
with its loads, and, 

(3) The foundation which supports the substructure 
with its superimposed loads. 


Obviously the stabilitv of the entire structure 
depends primarily upon the efficiency of its foundation. 
However, it may be said without fear of contradication 
that science, skill, and experience combined with the 
progress of the time have achieved marked success in 
evolving the rationale of bridge design and in producing 
and developing new types of superstructures and 
substructures, while a far less degree of attention has 
been bestowed upon the development of fundamental 
principles and reliable information and data relating 
to the bearing power of soils, and to methods and 
operations involved in the design and construction 
of foundations. 

In this connection it is especially important to note 
that a very large percentage (probably 70 per cent or 
more) of bridge failures are primarily due to unsatis- 
factory foundation conditions. The money value 
involved in these failures is, to say the least, unfor- 
tunate but quite apart from this, the inconvenience 
and economic disadvantages incident to the tying up 
of traffic by failures, and the moral responsibility 
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construction and maintenance of 
human life demand full con- 


attached to the 
structures menacing 


sideration. 
CONDITIONS AFFECTING STREAM SCOUR. 


With an occasional exception, the construction of 
bridges over streams has the effect of obstructing free 
stream flow by contracting the channels and by pro- 
ducing eddies, cross currents, whirlpools, ete., result- 
ing in accentuating any tendency that may exist to 
erode or scour the beds during periods of high water. 
The location and extent of scour is mainly dependent 
upon the courses of the streams, the rate of their 
currents, and the character of the soils forming their 
beds. The greatest scour will generally take place in 
the vicinity of the portions of the structure furnishing 
greatest resistance to the free flow of the water. In 
general, piers and abutments should have _ their 
foundations located well below the range of possible 
scour. However, to render them secure against un- 
foreseen eventualities they are often protected by the 
installation of riprap, stone filled cribs, brush mat- 
tresses weighted down with large stones, concrete 
aprons, etc. 


ADEQUATE FOUNDATION SURVEYS IMPORTANT. 
In general, the loads considered by the designer, 
in proportioning bridge pier and abutment footings 


are (1) the total dead load of the superstructure and 
substructure, (2) the live load including under certain 
























bridge site. Occasionally the 
superficial examination of the 
soil is primarily due to the fact 
that the equipment of the sur- 
vey party does not even in- 
clude a mud auger with which 
to make the simplest kind of a 
subsurface examination. 
However, there are other 
factors which sometimes enter 





into the field survey work. 
The observer, not realizing 
the importance of accurately 
describing the character of the 
foundation soil, fails to in- 
corporate a proper description 
in his field notes; or, what is 
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conditions an allowance for impact, and (3) earth 
pressures in the case of abutments acting as retaining 
walls. To the foregoing may be added (4) forces 
induced by temperature in the case of piers and abut- 
ments for arch spans, and (5) wind, ice, or other 
external pressures in exceptional cases. In the 
absence of definite data as to the bearing value of the 
foundation this refinement of load calculation would 
be of no advantage. It is therefore of basic impor- 
tance that the designer be in possession of all available 
information relating to foundation conditions. The 
securing of this information necessarily involves a 
survey of soil conditions by making borings, sinking 
test pits, driving test piles, ete., to discover sub- 
surface conditions. It also involves a general survey 
to obtain data relating to the size of the drainage area, 
rate of stream flow, direction of stream currents, 
high and low water elevations, possibility of accumula- 
tions of drift, etc., likely to affect stream scour, 
together with a contour survey of the bridge site. 

The general formation, density, and thickness of 
strata of soil vary so much that the testing of the 
foundation soil and the depth of underlying strata are 
absolutely necessary for the determination of the 
allowable pressures that may be placed upon the 
foundation material. The course, depth, and velocity 
of the stream in the vicinity of the bridge site, together 
with natural conditions influencing the future develop- 
ment of surrounding property, should receive full 
consideration in their relation to stream currents and 
scour of the stream bed. 

Too frequently survey plans provide insufficient 
information for the preparation of the design and the 
working drawings of bridge structures. The charac- 
ter of the foundation materials is too often assumed 
to be the same as that showing upon the surface at the 


even worse, the draftsman 
preparing the survey plan, 
believing that ‘brevity, 
is a mark of efficiency, will eliminate 
all tendencies to verbosity and will concentrate para- 
graphs into single words such as ‘‘clay,” 
‘‘bowlders,”’ ete. 


brevity always” 
‘oravel,” 


To emphasize the importance of the foregoing it 
may be of value to cite an actual case of construction 
work. The bridge referred to was located at the 
outlet of a comparatively large lake. The survey 
party, although equipped with a mud auger outfit, 
made only a surface examination of the soil and the 
survey plan prepared from its field notes showed 
‘“bowlders with clay’’ as foundation material. 
‘*Bowlders with clay’ constitute under certain condi- 
tions excellent foundation material. 
this particular case the ‘‘ bowlders’’ were merely *‘ one 
man’”’ stones which had been deposited along the 
river banks by ice floes. Knowing nothing of the 
field conditions other than was shown upon the survey 
plan the designer assumed a foundation pressure 
which seemed justified by the description and designed 
the substructure accordingly, placing the foundation 
elevation at a depth below possible frost action 
When the foundation pits had been excavated to a 
depth of 2 to 3 feet all of the ‘‘one man”’ stones had 
been removed and the underlying blue clay was soft 
and altogether unreliable as a foundation material. 
Soundings were made with a steel bar by one of the 
workmen which indicated the existence of firm ma- 
terial at a depth of approximately 3 feet below the 
foundation elevation shown on the substructure plan 
When the overlying clay had been removed a hard, 
durable limestone foundation was secured. This 
material was capable of safely sustaining a much 
greater load per unit area than had been assumed in 
the original design and had conditions permitted, 
considerable economy could, doubtless, have been 
affected by redesigning the entire substructure. 


However, in 

















PRESSURE DISTRIBUTION NOT 
ALWAYS UNIFORM. 


Having discovered the 
character of the foundation 
material by a careful survey, 
it is important to remember 
that foundation pressures are 
Other 
conditions being equal, a pier 
symmetrically loaded and 
-ymmetrically shaped will pro- 
duce a uniformly distributed 
pressure upon its foundation, 
but irregularities in the lengths 
of superstructure spans, cut 
water construction on the 
upstream end, subjection to 
heavy ice floes, ete., tend to 
produce variable foundation 
Abutments are 
commonly so located as_ to 
perform the double function 
of supporting the superstructure and resisting the 





not always uniform. 


pressures. 


pressure of the earth fills forming the bridge ap- 
proaches. The pressure exerted upon an abutment 
foundation is, therefore, rarely a uniform one and in 
consequence, the so-called “‘toe pressure’ is greater 
per square foot of foundation area than is the ‘heel 
pressure.”’ 

The pressure per square foot used for designing pur- 
poses should be well within the safe bearing power of 
the soil; that is, a pressure which will not produce 
settlement. If, undue 
settlement takes place, the abutment will tilt for- 
ward and may ultimately result in a total failure of 
the structure. 

One of the distinctive advantages resulting from 
the common practice of building piers with battered 


appreciable yerchance, an 
Py 


sides and ends and abutments with battered face 
surfaces on the body and wings is that a slight tilting 
may take place without giving to the substructure 
an overhanging and unstable appearance. It is im- 
portant in this connection to call attention to cer- 
tain structural weaknesses resulting from substructure 
and foundation movements. Almost without excep- 
tion such movements subject the superstructure to 
stresses for which no provision was made in its design, 
though the actual condition existing may not become 
fully apparent even by the most careful and critical 
eXamination. A pin-connected truss span 
greater evidence of the conditions mentioned than 
does a riveted span. 


gives 


By reason of a slight derange- 
ment of the correct alignment of the bottom chord 
pins, a portion of the eye bars become loosened, 
thereby rendering them partially or entirely inactive 
with the natural result that the stresses these bars 
were designed to carry are actually carried by the 
other bars. Structures composed of mass and rein- 
foreed concrete frequently give evidence of substruc- 
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ture and foundation movements, for in these struc- 
tures the induced stresses appear to seek out the 
weakest portions and, in consequence, the resulting 
fractures may take most unfortunate courses and by 
progressive action may result in the development of 
verv dangerous structures or possibly in failures. 

Speaking generally, foundations are either natural 
Soils, including rock formations, or artificial founda- 
tions consisting of compacted soils, soils reinforced 
with piles, grillages, ete. 


NATURAL FOUNDATION MATERIALS. 


Natural soils are an ever varying quantity, hetero- 
geneous in their’ composition and stability. Their 
bearing power depends mainly upon the general for- 
mation, texture, density, uniformity, and thickness 
of the strata. A stratum composed of a soil having, 
under ordinary conditions, a comparatively low 
bearing power may be so confined by a thick, strong 
overlying stratum that it will sustain with ample 
safety a greatly increased load. A similarly placed 
stratum located with an outcropping in the hillsides 
of a deep ravine or river valley may be subject to a 
very slow oozing flow under the pressure of a super- 
imposed abutment or pier, which will ultimately result 
in a sufficient settlement of the foundation area to 
produce appreciable superstructure deformations. 
Usually under these conditions the vertical movement 
is combined with a lesser movement of the overlying 
material, producing a horizontal displacement of the 
bridge structure. Such movements may involve a 
period of months or even of years to become fully 
developed. They may continue at a practically uni- 
form rate or may become accelerated by reason of a 
weakening of the overlying strata resulting from 
fissures, fault lines, etc., existing within them. 

Natural soil foundation materials are divided into 

five general classes, viz: (1) Bedrock, (2) gravels, 








As a general rule, ‘‘near 
rock’? soils are appreciably 
compressible when submitted 
to fairly high unit pressures 
and, in addition, many of them 
disintegrate freely when sub- 
jected to the erosive action of 
swift currents. 


GRAVEL A GOOD FOUNDATION. 


Gravel varies widely in its 
granulometric composition and 
in the original rock material of 
which it is composed. Gravel 
is not readily defined since its 
many uses in bridge, road, and 
other construction work have 
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(3) sands, (4) clays, and (5) ordinary soft soils and 
earths. 
BEDROCK AS A FOUNDATION. 


Bed rock is, as a general rule, practically secure 
against stream scour and under ordinary working 
pressures is incompressible. However, its surface 
may be irregular, presenting shelly areas and numerous 
cracks and fissures, through which water frequently 
flows very freely, rendering the work of preparing 
foundation areas costly and difficult. On the con- 
trary, it may present a surface worn smooth by 
glacial or water action and rounded or tilted at such 
an angle with the horizontal that it becomes necessary 
to level it horizontally as a whole or in steps in order 
to render the substructure, piers, or abutments placed 
upon it secure against scour, sliding, ete. 

The influence of the elements upon bedrock must be 
taken into consideration, especially when outcroppings 
are contemplated for use as foundations, as certain 
rock formations are subject to disintegration when so 
exposed. 


The brief discussion of bedrock materials here given 
would be incomplete without a reference to that grade 
of soils which, for want of a better nomenclature, will 
here be referred to as ‘‘near rock.” 


It is especially 
important to exercise caution whenever these materials 
are being considered for foundation purposes. The 
most common of these are: 


(a) Soft shale, sandstone, limestone, and other 
rocklike material generally known as ‘“‘rotten rock,” 

(6) Very compact and shale-like beds of clay which 
are subject to rapid disintegration when subjected to 
scour. 

(c) Beds of compact clay, similar to the above, 
which tend to slake when subjected to atmospheric 
conditions. 

(d) Beds of cemented gravel or sand which disinte- 
grate freely wben subjected to scour. 


established for it various limi- 
tations as to maximum and 

minimum sizes of particles. 
However, a somewhat commonly accepted definition 
is: “Small worn fragments of rock material which will 
pass through a screen having holes 24 inches (24-inch 
screen) in diameter and be retained upon a sieve hav- 
ing four meshes per linear inch (No. 4 sieve).”’ In so 
far as its use as a foundation material is concerned, 
the term ‘‘gravel” is very generally applied to ma- 
terial having approximately the above-described grad- 
ing intermixed with sand. 

A gravel having its particles well graded from coarse 
to fine and firmly cemented with a natural earthy 
cement containing iron, silica, lime, or other compara- 
tively stable cementing material, if existing in a 
stratum 4 to 8 feet or more in thickness, is practicall) 
incompressible under the pressure produced by ordi- 
nary bridge structures and provides an efficient foun- 
dation even when overlying a less reliable substratum. 
Well cemented gravel will withstand the disintegrat- 
ing influence of a quite rapid current. Slow disinte- 
gration may sometimes result from dissolution of the 
cementing medium. The cemented gravels here re- 
ferred to must not be construed to mean the hardest 
grades of conglomerates which quite properly may be 
considered as bed rock, but, instead, the softer con- 
glomerates which can ordinarily be broken up in an 
excavation by the use of a pickax. 

A confined gravel stratum made up of loose but 
well compacted material, free from the disintegrating 
action of water flowing through it is only slightly com- 
pressible under ordinary foundation pressures. 

The illustration on page 19 shows the result of build- 
ing on a shallow gravel foundation combined with a 
structure too short in length to serve stream require- 
ments. 

FOUNDATIONS IN SAND. 


Sand, like gravel, varies widely in its granulometric 
composition, in its petrography, and in its other physical 
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properties tending to render it 
satisfactory or unsatisfactory 
as a foundation material. It 
may exist as a firm, well 
cemented, granular material 
practically incompressible un- 
der favorable conditions or, on 
the contrary, it may, when fine 
grained and saturated with 
water, exist as a soft, yielding, 
semifluid material quite unre- 
liable for foundation purposes. 
As in the case of cemented 
gravel, above described, the 
cementing medium is com- 
monly a natural earthy cement 
containing iron, silica, lime, or 
other cementitious material. 
Special care must be exercised = 
whenever the cementing ma- 
terial is readily soluble in 
water, since its subjection to the action of flowing 
water would cause a disintegration of the foundation. 

Compact sand, thoroughly confined against lateral 
movement by overlying strata or otherwise, and exist- 
ing in beds 6 to 10 feet in thickness, is considered an 
excellent foundation material, provided its stability 
is not endangered by a free flow of water through it. 
“Quicksand when properly drained makes a very 
stable earth, but when subjected to saturating water 
it becomes a hopeless mess.” 

Sand originally deposited by the action of water 
commonly exists in layers or strata varying widely in 
their granulometric composition. Quite frequently 
these strata have been deformed by subsequent move- 
ments so that they are tilted at an angle with the 
horizontal. A firm, well compacted stratum so tilted 
may be rendered useless for foundation purposes by 
an unreliable substratum containing an unstable loose 
sand, clay, or other unsatisfactory material which will 
fault when subjeteed to foundation pressures. On page 
20 is shown a pier failure resulting from a too shallow 
penetration of piles in a river bed composed of sand. 


CLAY AN UNCERTAIN MATERIAL. 


Clay may exist as a firm, unyielding material re- 
sembling shale rock and having both cohesion and 
density, or on the contrary it may exist as a pasty, 
semifluid material having very little supporting power. 
This range of variation in its physical composition ren- 
ders it one of the most uncertain and unreliable of 


foundation materials. Speaking generally, the best 


clay deposits of the former class are quite impervious 
to water and when protected from the disintegrating 
action of flowing water are quite reliable as foundation 
materials; however, it may here be remarked that 
some of the most dense clays are very readily scoured ; 
also that clays giving fair evidence of stability wil] 
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very frequently, through absorption of water, become 
less stable and compact, thus losing the important ele- 
ments of a good foundation material. Not infre- 
quently clays are encountered which, when subjected 
to foundation pressures, will squeeze and ooze like a 
firm India rubber. 

“Clay even if found in hard condition is subject to 
slight compression, which, while uniform, may not be 
of much consequence.’ However, mention has been 
made above that the foundation pressures produced 
by abutments and retaining walls are very commonly 
variable from front to rear of wall, thereby tending to 
produce an uneven settlement. Drainage of clay 
foundation areas will increase their stability and 
bearing power. 

Clay strata which have been deformed and are 
tilted at an angle with the horizontal are subject to 
possible slipping along natural cleavage planes ren- 
dering them to a greater or less degree unreliable as 
foundation materials. Their dependability in such 
cases is based mainly upon the strike angle of the 
formation and the physical character of the clay 
strata composing the general mass. In this connec- 
tion, it is important to call attention to the fact that 
clay strata frequently contain fissures and fault lines 
running at random through them. An eroded hill- 
side may expose these planes of natural weakness in 
such a manner as to render a hillside foundation of 
clay material rather uncertain as to its effectiveness. 

Ordinary soft soils and earths, when considered as 
foundation materials, vary in relation to the propor- 
tions of sand, clay, or other firm materials they con- 
tain; however, in general these soils will support only 
very smal] foundation pressures. They are always 
subject to a considerable amount of settlement and 
should, therefore, be used only under the most unim- 
portant structures with comparatively small pressures 


per unit of foundation area. Soils containing mate- 
rials which render them plastic and greasy are con- 
sidered very poor foundation material. On page 21 is 
shown a reinforced concrete bridge failure resulting 
from a too shallow depth of abutment foundations in 
an alluvial soil. Settlement was produced by under- 
mining of both abutments. 

With the exception of bedrock, nearly all soils are ap- 
preciably compressible when subjected to ordinary foun- 
dation pressures. The amount of settlement depends 
upon the character of the material and the intensity of 
the pressure upon it. Usually the latter is expressed 
in tons per square foot of foundation area. Decisions 
as to the adaptability of natural foundation materials 
and the pressures they will safely sustain without un- 
due settlement, demand mature judgment which has 
been ripened by personal experience and a knowledge 
of the results obtained by others. The amount of 
settlement permissible for any given case depends, to 
a marked degree, upon the character of the design and 
of the materials used in the bridge superstructure. 
The permissible settlement is, for certain classes of 
structures, the gauge by which the allowable unit 
foundation pressures must be measured and_ final 
decision rendered. On page 22 is shown a retaining 
wall ‘‘turning turtle” either as a result of improper 
design or excessive ‘‘toe”’ pressure on its foundation. 

Reference has been made to the paucity of reliable 
data relating to the bearing power of soils. In the 
absence of this data we must be guided almost en- 
tirely by past experience. Safe foundation pressures 
for natural soils are given in Table 1. To obtain 
good results the use of this table should be supple- 
mented by an examination of the foundation material 
in the abutment and pier pits. Otherwise its use will 
occasionally lead to unsatisfactory results since any 
table of this kind can not possibly take full account of 
widely varying soil conditions. 

TABLE 1.—Safe bearing power of foundation soils for ordinary struc- 
tures. 


Safe bearing 
power, in tons 
per square 
; foot. 
Material. 


Mini- | Maxi- 
mum. | mum. 


Rock, the hardest kinds, in thick natural beds.................. (2) (2) 

Granites, limestones, and sandstones, hard grades................ 

Granites, limestones, and sandstones, etc., medium hard grades 

Limestones, sandstones, shales, etc., equal to best hard-burned 
brick masonry 

Limestones, sandstones, shales, etc., equal to ordinary brick 
masonry 

Gravel or coarse sand, in thick beds, well cemented 

Sand, medium, in thick beds, well cemented 

Sand, clean and well draincd, confined 

Sand, clean and wet, confin« d 

Sand and clay combined, in thick beds, well draincd, confined. 

Clay, firm, in thick beds, well drained, confined 

Clay, firm, in thick beds, wet but not saturated 

Clay, soft, confined 

Alluvial soils, firm 





! Arches, cantilevers, continuous spans, large structures, and high abutments 
should be’ founded on unyielding material. Special inv estigations and designs 
should be made for such structures. 

? Any ordinary substructure load. 


ARTIFICIAL FOUNDATIONS. 


Artificial foundation materials are divided into four 
general classes, viz: (1) Compacted soils, (2) grillage 


> 


(3 piles, and (4) cribs. 


Compacted soil foundations are sometimes used for 


small drainage structures having comparatively low 
foundation pressures per square foot. 


They are pro- 
duced by treating soft soils and earths to render them 
more firm and more capable of supporting foundation 
pressures. 
viz: (1) 


Two methods of compacting are in use, 
A thick, thoroughly compacted bed of sand, 
gravel, or broken stone is deposited upon the soft soil 
after excavating it to a considerable depth. (2) A 
quantity of sand, gravel, broken stone or concrete is 
forced into the soft soil. 

Grillage, as commonly constructed, consists of two 
or more courses of wooden timbers, laid transversely 
to each other and firmly drift-bolted together. The 
timbers may be laid in close contact or they may be 
separated and additional strength secured by filling 
the spaces between them with sand, gravel or con- 
crete. Grillage may also be composed of metal 
beams filled in with concrete or of concrete reinforced 
by rods or other metal work to give-it the desired 
strength. In order to secure a desired foundation 
pressure the grillage area is usually much larger than 
the base area of the substructure unit placed upon it. 

Piles are more commonly used than any other class 
or type of artificial foundation material. Their use 
during centuries past has proved their reliability, 
especially in soil foundations where excavation to 
a firm unyielding stratum is unattainable by reason 
of excessive cost or other practical considerations. 
Formerly wooden piles were used exclusively, but in 
recent years reinforced concrete piles have been used 
to a considerable extent. The types, sizes, methods 
of preparation, etc., of piles, their proper driving, and 
considerations entering into the determination of their 
safe bearing power, although directly related to our 
general subject of foundations, can not be satisfac- 
torily treated within the space here available. How- 
ever, it is important to call attention tosome common 
misconceptions of the bearing power of piles. 


PILES IN SOFT SOIL. 


A pile driven its entire length through soft soil 
depends for its bearing power upor. the friction existing 
between its surface and the soil surrounding it. This 
so-called skin friction transfers or imparts to the sur- 
rounding soil practically the entire load carried by the 
pile; the resistance of the soil under its point and the 
effect of buoyancy are but small in comparison with 
the load transmitted to it by the substructure. On 
account of this fact it is improper to drive piles in soft 
soils at close intervals. <A cluster of, say, seven piles 
driven in close contact with each other can scarcely be 
considered as developing a bearing power in excess of 
that developed by three piles properly spaced to 
transmit their loads to the surrounding soil. 
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Piles, dependent wholly or in part upon skin friction. 
produce, by transmitting their load to the surroundit ¢ 
soil, a correspondir g soil settlement. It follows, there- 
fore, that the soil underlying the base of the sub- 
structure may, in assumil g its load, settle out of close 
contact with the substructure base, thus beconur g 
independeut of any foundation pressure apart from 
that trarsmitted by the pilés. 

By a closer spacing of the piles under the toe of 
an abutment than under the heel it is possible to 
prevent the tipping of the abutment which would 
otherwise take place if settlement should occur. By 
varying the spacing a practically uniform load per 
pile is secured. If perchance a future settlement of 
the abutment should occur, this arrangement of the 
piles would tend to make it uniform. 

Generally speaking, ergineers do not consider it sat- 
istactory to count upon the trarsverse strength of a 
piled foundation as tending to resist the horizontal 
thrust of arches or other structures producing pressures 
acting transversely to the direction of penetration of 
the piles. However, it is occasionally argued that the 
soil upon the sides of the piles opposite the direction 
of the pressure can be relied upon to resist that pres- 
sure. Granting that this contention is in part true, 
the question arises as to the extent te which this soil 
can reasonably be considered as acting. At best, the 
problem is a complex, indeterminate one. It involves 
such factors as: (1) To what depth below the base of 
the substructure shall the thrust be considered as 
resisted by the piles, the soil being compressible and 
the piles flexible? (2) Assumirg the piles in adjacent 
rows to be staggered, are more than the two rows of 
piles on the side of the foundation area opposite to 
the direction of the thrust active in resistirg it? 
Naturally, any pressure borne primarily by the other 
rows of piles will be transmitted with little, if any, 
loss through the intervening soil to the two rows 
above mentioned. (3) To what extent is the tend- 


ency of the transverse thrust effective in disturbing 


the uniform distribution of the skin friction element 
on all piles in the foundation? Considering the inde- 
terminate nature of these problems, and considering 
further that a very slight movement of the super- 
structure upon its foundation will induce important 
stresses never considered in the original design, it 
seems wise to forego all snap judgment and to in- 
troduce battered piles in the foundation, even at a 
considerable increase in cost per linear foot of the 
piles so driven. 
THE USE OF CRIBS. 

Cribs, as generally constructed, consist of grillage 
bottom frames with box-shaped sides extending up- 
ward from them. They are very commonly built at or 
near the bridge site, launched and towed out to the 
positions where they are to be sunk. If for a given 
pier, the final foundation area is covered by a layer 
of soft soil, it may be dredged prior to placing the 
crib in position or, in lieu of this, the crib may be sunk 
upon the soft soil which may be removed by clam- 
shell dredging or by pumping it through the openings 
in the grillage hottom of the crib. If the foundation 
area be composed of bedrock, it may be necessary to 
predetermine its cortour and to shape the bottom of 
the crib roughly to fit it, thus making possible the 
sealing of the crib against the admission of water 
preparatory to unwatering it for the construction of 
the pier within it. 

A type of construction sometimes used consists of a 
piled foundation topped with a wooden erib within 
which the substructure, pier, or abutment, as the case 
may be, is built. The piles after being driven are cut 
off at a uniform elevation that will bring the top of 
the crib below minimum low water and the crib is 
floated into its correct position and sunk upon them. 
Under certain conditions this type of construction is 
both efficient and economical. 
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‘ Project 7 Length 
sone. No. County. in miles. 
Alabama... 62 | Talladega...... j 23. 000 
77 | Chambers..... 16, 800 
it eee : 14, 000 
& | Morcvan......... : 10. 100 
88 | Marshall....... : " 18. 159 
Aik, eae ; 24. 190 
90 | Coosa and Tallapoosa. .. .. 13. 500 
is. Sana ; 20. 500 
Arizona...... P 41 | Maricona...... - 6. 473 
Arkansas... ... REE 53 | Crittonden.... 113 730 
90 | Nevada....... . 1 16, 360 
Colorado}... neanla twa 8 | Rio Blanco........ 117 500 
US). eee ; 6. 629 
i ee 6. 669 
oS es eeeen ee ; 
UNO sioasied ext acne xveneses A, re 2. 700 
182 | Jenkins......... 8. 


ett DO Ser ere 
192 | Bibb.. 





197 | Builock....... 


1 Withdrawn or canceled. 





Project oti : 
Type of constructior agreem ‘nt Estimated Federal aid. 
signed. cost. 
Chert.. Oct. 21 | $166, 236. 01 
Top soil. Oct. 13 63, 881. 12 
Gravel... Oct. 25 107, 449. 36 
Macadam... Oct. 11 149, 252. 67 
See : Oct. 16 281, 633. 27 
Sand-clay .. Oct. 11 85,034. 12 
Macadam... Oct. 23 183, 8&5. 62 
Cravel...... Oct. 25 189, 888. 67 
Concrete : Oct. 21 100, 000. 12 
Gravel macadam Oct. 12 1 30, 000. 00 
Gravel... Oct. 25 1 68,000. 00 
Gracing and draining.. Oct. 26 110,958. 20 
Se Oct. 25 33,024. 03 
Seas Oct. 23 41,323. 92 
Bridge .... Oct. 25 7,491. 00 
ON aa Oct. 13 16, 529. 81 5,000. 00 
Sand-lay and gravel... Oct. 27 65, 587. 50 30, 000. 00 
Top soil and bridge...... Oct. 13 20,075. 00 10,937 50 
ON Err Oct. 21 55,941. 72 5, 000. 00 
Hard surface....... Oct. 13 58, 356. 65 27,000. 00 


Illinois... .... 
Kansas... . 


Kentucky . . 
Louisiana. ...... 


Massachusetts . . 


Minnesota... . 


Mississippi. ..... 


Missouri 


Montana..... 


Nebraska. . .. 


New Hampshire. .. 


New York 


Oklahoma 
Oregon 


South Carolina 


West Virginia 
Wisconsin..... 


Wyoming 


Project 


7 Cc ty 
Na. ounty 


Adams. . 
Johnson. ... 
Cherokee. . 
— “Se 
Atchison 
Nelson. . 
; —_——— 
| Avoyelles.. 
Rapides. . 
Worcester. 
Sanilac... 
Dakota... 
Hubbard.... 
SR 
Pipestone. . 
Aitken... 
| Le Sueur... 
Scott. ; 
| Pom...; 
| Olmstead 
=e 
Redwood. ... 
Crow Wing. . 
Freeborn . . 
Chippewa... 
ee 
Chippewa. ... 
Big Stone... 
Beltrami Me 
Hennepin and Dakota 
Aitkin eesti 





Wilkins...... 
Beltrami... . 

Tra "erse..... 
Hubbard. .... 


St. Louis. ... 
Dodge 
Itasca 


St. Louis 
= 
Jackson . . . 
Freeborn 
Hennepin 

Lac qui Parle .... 


., ee 
Lac qui Parle..... 
Le ueur 


Daviess ..... 
Flathead 


Valley 

Hamilton and Merrick 
Thayer and Nicholls... .. 
Strafford 


Suffolk... ... 
Rensselaer and Washington. 
Medina 


Clatsop....... 
Clackamas.... 
Newberry... 
Fairfield .. .. 
Dallas...... 
Coke 
Chambers. . 
Cooke 


Franklin... 
Tyler 

Bayfield .... 
Sheboygan.... 


Park 
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PROJECT STATEMENTS APPROVED IN OCTOBER, 1920—Continued. 


Type of construction 


Earth. 
Bituminous macadam 
Concrete. 

ao 


‘Earth. 


Bituminous 
Waterbound macadam 
Gravel . 
: do... 
Concrete 
Gravel. . 
Earth 
Gravel... 
.do 
Concrete 
Gravel. . 


Concrete, brick, or asphaltic 


Concrete, bric 
Gravel. 
do. 
Concrete, bric 
Gravel 
.do.. 
Concrete, brick, or asphaltic 
Gravel . 
do.. 
do 
.do.. 
do.. 
do. 
do.. 
Concrete, bric} 
Gravel 
do 
do 
do 
do 
..do 


, or asphaltic 


, or asphaltic 


, or asphaltic 


} Concrete, brix 


y and grave 
el... 
Concrete, brick, or asphaltic 
Gravel. 
..do. 
do 
Earth 
Gravel. 
do 
do 
Brick, concrete, or asphaltic 
Gravel. . 


Gravel and macadam 
Earth. 

..do. 

do. 

Gravel. 
Concrete . . 
Gravel. . 
Bridge. . 
Gravel and earth 
Gravel . . 
Earth.. 
Gravel. 
Earth... 

..do 


| Gravel. . 


Concrete . . 

Macadam. . 

Concrete 
..do.. 
ews 

— 

2 

Rien civeke a ewh es’ 
Asphalt, concrete on macadam bas¢ 
Concrete 
Top soil. 

a GEE . 
Macadam, asphalt surface 
Sand-clay and gravel. . 
Shell... 

Gravel. . 

ecsQ@cce o 
Macadam. . 

Earth. 

— 
Concrete 


| Selected material 


Bridge. .. 


| Selected material. 


Amounts given are decreases from those in the original statement 
Amounts given are increases over those in the original statement 
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, LOO. 
O04. 
62s. 
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35. 565. 2 
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504.7 
21,199. 2 
, 059 
, 883. 2 
7, 166. 
, SE. 
8, 972. 5 
7, 979. 
, USI 
, 599. 
87, S55 
, 634. § 
7, 600 
165 
064 
, 780, 
3 SO7 
26, 675. 
, 855. 
, 290. 
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Maryland... 
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Montana. 
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PROJECT AGREEMENTS EXECUTED IN OCTOBER, 1920. 


County. 


14 | Talladega 
17 | Greene... 
51 


5 Russell... . 
53 | Coosa..... 
54 | ae 


10 " Maricopa... 


15C |} Graham... 
18 | Cochise... 
19B | Yavapai.... 
23D | Pinel..... 
24 | Coconino. . 
26 | Yuma..... 
s | Lonoke... .. 


35 | Pulaski.... 
37 | Washington... . 
9% | P oinse _ = 


59 | Bent..... 
74 | Moffat... . 
75 | Grand..... 
80 | Routt..... 
86 | Larimer...-. 

91A | Las Animas 
106 | Routt..... 
107 | Moffat... . 
109 | Mesa.... 
117 | El Paso. 
118 |. do 
128 | Rio Blanco.. 
52 | Evans..... 
66 | McDuffie... 
92 Wilkes. . 

23A | Twin Falls 
1C,D | Mitchell... 


AtoE, ‘inney.... 


26B | Rice.... 


37C,D,E | Montgomery . 


41B | Atchison 


BCd \Doniphan. 
4 | Carter.... 


1 | Rapides... 

23 | Lafayette. 

30 | Allen.. 

10|M ontgomery . 

34 | Anne Arundel. 

39 | Dorchester. . 

7 | Benes... .... 

30 Hampden. 

34 Worcester. 
36A | Barnstable 

40 Worcester. 

41 | Middlesex.... 

43 | Worcester. 

2 | Grant..... 

60 | Peis. .<... 

79 | Hubbard.. 

91. Kanabec. 

04 | Polk.... 


108 Grant. . 

109 Redwood...... 
115 MecLeod.. 

122 Chippe wa. 

124 Isanti.. 

126 Rice....... 
128 Chippewa. 

149 | Aitkin.... 
155 Polk. 


157 tt asca. 

167 Hubbard... 
TP | 0208 | a 
174 Dodge..... 


185 Jackson... 
2 Wibaux... 
4 Carbon. 
9 Madison... 


12 Broadwater ‘and Gallatin... 


98 | Peres. «<<... 
a) ae 
3B. Yellowstone....- ; 
GR | WOE A 6 cn 00 55<s 
65AB Teton and Cascade 
66 a ae 


Lewis and Clark....- 
103C = 
115 Wheatland.... 
1 a 


15 Merrimack.....-.. a Serre 


33 Rockingham. 
47 Sullivan, Merrimack 


41 | Merrimack. .........---.-- o% 


45 | GtraWord..........0.22.-+- 


3 Canceled. 


Type of construction 


Waterbound macadam 
Macadam and asphalt 


_ 


( 





Bituminous concrets 


Gravel and concrete 


, bituminous concrete 


Bituminous macadam 


Bituminous concrete 


- 


Gravel surface treated 


, asphaltic concrete, 


Selec te d material. 


Gravel and concrete. 


52 | Sullivan, Merrimack. . - ae 
56 | StraWard, 2... ccc cccceeeeees 


1 Modified agreement. Amounts given are increases. 
? Modiied agreement. Amounts given are increases ove 








Project ee 
agreement Estimated 

cost. 
signed. 

Oct. 11 $13, 866. 25 
do.. 224,734.10 
do... 17,114. 30 
do... 2 879. 96 

Oct. 13 460. SS 

Oct 19 », 306. 84 

Oct. 19 3,105. 37 

Oct. 21 11, 497. 67 
do &3, 839. 85 
do 156, 114. 53 

Oct 21 202, 588. 37 

(ct 19 237, 860. 04 

Oct. 23 38% 871.72 

Oct 19 188, 419. 60 

Oct. 11 32,574. 74 
do 148, 104. 00 

Oct 5 
do 
do 
do 
do 
do 
do 
Oct. 27 
do 

1o 
10 
do 

Oct. 25 
Oct. 27 
Oct. 25 
do 
Oct 19 
Oct 9 
do 
Oct 5 a) oe ay 
Oct 27 384. 332. 83 
Oct 6 1,817,028. 37 

do 347, 745. 24 
do 246, 224. 50 
do 72, 881. 20 
do 318, 828. 27 
June 30 
Oct 18 
Oct 14 
do.. 
eer 
. = 
MDscine 
Oct. I 
Oct 19 
Scars 
Oct 13 
Oct. 19 
a 
Oct 13 
Oct ‘ 
Oct. 30 
Oct 5 
Mvccns 
Oct il 
Oct. : 
Oct. 25 
Oct. ! 
Mees 
. er 
Oct : 
Oct f 
i cuss 
Oct. 
Oct 
Oct f 
. ee 
Oct ; 
Oct. 
Oct 
Oct 
Oct 
Oct 
Oct 
Oct. 
Oct. 
.do.. 
Oct. 
Oct. 
-do.. 
Oct 
Oct. 
Oct. 
.do 
Oct. 
me Re 
Se 
(was 
Oct. 
Oct. Li 
do..... 9, 905. 61 


r those in the original agreements 
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PROJECT AGREEMENTS EXECUTED IN OCTOBER, 1920—Continued. 


Project 
No. 


Cc Length , Project | Estimated 
ounty. in miles. [ype of construction agreement cost. 


signed. 


Federal aid 





New Hampshire (continued). . 92 | Merrimack . . ; .500 | Gravel.......... : Oct. § $8,013.11 
94 | Cheshire...... . 3s oe Oct 12, 055. 08 
95 | oan Oct. 1: 14, 879. 30 
96 | Hillsborough. ; an ebie ae ‘ aay 7,489.15 
100 | Belkna» Sicala eta . 767 ca. Saadeh ; : . ..| Oct 16, 094. 54 
102 | Merrimack... ; a a aS ae : ; ai Oct. 10, 095. 36 
ae Oct. 10, 003. 76 
Oct. 9,994.93 
s Oct. 14,097.73 
Bituminous macadam.. a Oct 
Gravel.... ae ae .| Oct. 
: Gravel, surface-treated . . Oct, 
Cheshire and Hillsborough. . a Bituminous macadam... ; ..| Oct. 
Carroll 2. 5S Gravel mata : ‘ Oct. 
y i Bridge. . a cvevel OOS 16, 388 
pitied Gravel. ... ve a ee 7, 992 
Relkna”.. dannede cn Bituminous macadam......... : : yet. 1 7,957 
| Rockingham Ser . 6 Mod. asvhalt..... : Met. § 28, 487 
97 | Cheshire ane ae & Bituminous macadam..... .do , 718 
New Mexico R | Valencia. ......... aces | Farth. : det 5,408. 55 
ae Crushed rock or gravel. do. , 467 
1 | Valencia ‘ Macadam.......... ; ee, te 28,614 
| Roosevelt ; Ro avawwscey sess .do... 218, 581 
31 Sierra.... : aac 3.902 | Gravel... ; s do 23, 360 
33 | Moro ERR ee ar Se d oe 
47 | Gre cet whi ais wera alates a ee 
North Carolina 48A | Sand-clay....... a et. 
Rhode Island aad 2 | Washington : Rituminous macadam.... : det. 
8 | Kent . Concrete. ... ae eS 
9 | Washington......... 2 a . do.. 
10 | Newport . 0% Bituminous macadam... 
South Carolina....... 6 | Marion Bridges 
fi ae 
it. eee Tonsoil.. as 
25 | Lexington.......... Sand-clay 
AO ee Topsoil... 
46 | K ; Gravel. ...... 
50 i 9.767 | Sand-clay.... 
71 < 3.515 | Topsoil 
73 | Snartanburg. pa Sews .f Topsoil and asphaltic concrete. 
80 | Williamsburg ‘ . 0 Sand-clay 2 
92 | Uni 3: . | 
100 . : 
104 | Calhoun.......... . 666 Asphaltic cont rete. 
SO OU < o cncnsccesevees 25 | Brookings 
26 | Kingsbury 
a/1¢ 


CWO we 


24, 887. 06 
15 039 
14,835 
$2, 645 


Cre Oo be OH 
I-13 a) 


Dax 


= 


to 


a 


ym eee 
a ne 


31 ‘ 8. 49° aad... 
7 Earth. . 
Earth and gravel.. 
Gravel... nen 
Earth. 
Gravel, surface treated . 
Mac a, asphalt surface . 
Gravel, bituminous surface. 
Gravel. 
46A Gillespie. _ . , es - ¢ 
48 Josgue més : 51.97 . : ica 57,613. 2 
53A) Jefferson. aa-a3 : 2.% Concrete, with as phalt -~ ; 5, 320. 
.-| Aspha't...... , 455. 4 
petite te utaieioe as Concrete. ... ne : wi a : , O89. 85 
Freestone . ad e Gravel and sand-clay... : 217,875. ¢ 
83 | Brown ae 75 Gravel, stone, mac 4 im, earth ee _ , 867. 
85 | Freestone....... : Waterbound macadam. : ;  & 215 , 032. 
sl eee eee Bae ’ Se oa ceutaiiia axes ; aie 35,816 
105 | Iron ore gravel on as coos] RRO 
108 | Gravel, surface treated . sae ; 48, 102. 
; Gravel, bituminous top... ran seme ‘t. 24, 128 
125 | Liberty . 332 | Gravel. sGadutes ; a mw. 4 , 382. 55 
142 4 Harrison 3.243 | Gravel, surface treated - Ss oacen cate : oe 431, O64. ; 
146 | Delta anon .310 | Gravel... \ ; 323, 800.7 
147 | Smi ctiniad . 56 Gravel and gravel, t ituminous top.. : t. § 380, 769. ¢ 
153 | Rains esi 22. 34 Gravel. ” joe 2019, OSS. { 
eS ee 56 Rock asphalt.. ‘ eters a’ ee 101, 369 
159 | Shelby 31.512 | Gravel. paaiees Sea ee 480, 427.7 
164 | Erath.... nneaee 31. 26 Rock and clay, ‘gravel... pabaie ibinaie 206, O48. 5 
Fort Re nd Spee 3. Gravel, surface treated eieeee ee eS 250, 125.7 
inicnas y ar ee = ye 28, 708. 22 
| Grays Harbor rete .. Sek te oe Pen Sept. : 2 5,000. 
Wels Walla weedy » See iawn Wowie Geant t. 2 158, 694. 6 
|S on Ses = 54, 825. 
3 | Pi | Asphalt, concrete t. 12 | 223,052. 
| Concrete, brick, or bituminous macadam...... ... -so-| 215,981.12 
Grading, draining, and culverts. .... 4 27,865.78 
| Gravel a ; t. > 22,417.45 
e De 3 ) 21,431. 71 
41 | Crook ‘ .089 | S te ateri: eee ; F 80, 245. 59 
42 | Sheridan 9, 354 i ecee a t. 106, 001. 28 
46 | J aramie..... : 82 
54 | Pig Horn . 00 
57 | Converse Saran sii aie a : ee (.°" ~ 764. 06 
66B | Campbell ries ys . 955 ve = : eamat Lad 99, 262. 08 
a) | Wagmakio.............. a , Witenes ssckiea : ; Eee 32, 241. 66 
76 | Park ; : . § ; eee eT 5: 8 


83 
83 | Sheridan... 208, 177. 37 


Washington........... 
West Virgimie.................. 2 


Wyoming ; eRe: 12 | 


1 Modified agreement. Amount given are increases. Second revision. 


2 Modiiied agreement. Amounts given are increases over those in the original agreement. 
3 Canceled. 


‘Mo lified agreement. Amounts given are decreases from those in the original agreements. 
» Modided agreement. Increase. Third revision. 


O 
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Applicants are urgently requested to ask only for those publications in which they are 
particularly interested. The Department can not undertake to supply complete sets, 
nor to send free more than one copy of any publication to any one person. The editions 
of some of the publications are necessarily limited, and when the Department's free 
supply is erhausted and no funds are available for procuring additional copies, appli- 
cants are referred to the Superintendent of Documents, Government Printing Office, 
th is city, who has them for sale at a nominal price, under the law of January 12, 1895. 
Those publications in this list, the Department supply of which is exhausted, can only 
be secured by purchase from the Superintendent of Documents, who is not authorized 
to furnish publications frec. 


REPORTS. 
*Report of the Director of the Office of Public Roads for 1916. 5c. 
*Report of the Director of the Office of Public Roads for 1917. 5c. 


Report of the Director of the Bureau of Public Roads for 1918. 
Report of the Chief of the Bureau of Public Roads for 1919 


DEPARTMENT BULLETINS. 





Dept. Bul. 105. Progress Report of Experiments in Dust Preven- 

tion and Road Preservation, 1913. 

136. Highway Bonds. 

220. Road Models. 

230. Oil Mixed Portland Cement Concrete. 

249. Portland Cement Concrete Pavements for Country 
toads. 

257. Progress Report of Experiments in Dust Preven- 
tion and Road Preservation, 1914. 

314. Methods for the Examination of Bituminous Road 
Materials. 

347. Methods for the Determination of the Physical 
Properties of Road-Building Rock. 

*348. Relation of Mineral Composition and Rock Struc- 
ture to the Physical Properties of Road Materials. 


10c. 
370. The Results of Physical Tests of Road-Building 
Rock. 


373. Brick Roads. 

386. Public Road Mileage and Revenues in the Middle 
Atlantic States, 1914 

387. Public Road Mileage and Revenues in the Sou- 
thern States, 1914. 

388. Public Road Mileage and Revenues in the New 
England States, 1914. 

389. Public Road Mileage and Revenues in the Cen- 
tral, Mountain, and Pacific States, 1914. 

390. Public Road Mileage in the United States, 1914. 
A summary. 

393. Economic Surveys of County Highway Improve- 
ment. 

407. Progress Reports of Experiments in Dust Preven- 
tion and Road Preservation, 1915. 

414. Convict Labor for Road Work. 

463. Earth, Sand-Clay, and Gravel Roads. 

532. The Expansion and Contraction of Concrete and 
Concrete Roads. 

537. The Results of Physical Tests of Road-Building 
Rock in 1916, Including all Compression Tests. 

555 Standard Forms for Specifications, Tests, Reports, 
and Methods of Sampling for Road Materials. 

583. Reports on Experimental Convict Road Camp, 
Fulton County, Ga 

586. Progress Reports of Experiments in Dust Preven- 
tion and Road Preservation, 1916. 

660. Highway Cost Keeping 

670. The Results of Physical Tests of Road-Building 
Rock in 1916 and 1917. 

691. Typical Specifications for Bituminous Road 


Materials. 

704. Typical Specifications for Nonbituminous Road 
Materials. 

724. Drainage Methods and Foundations for County 
Roads. 


Pi blic Roads, Vol. I, No. 11. Tests of Road-Building Rock in 1918. 
OFFICE OF PUBLIC ROADS BULLETINS. 


B\ |. *37, Examination and Classification of Rocks for Road Build- 
ing, Including Physical Properties of Rocks with 
Reference to Their Mineral Composition and Structure 
(1911.) 15e. 
*43. Highway Bridges and Culverts. (1912.) 15c. 
*45. Data for Use in Designing Culverts and Short-Span 
Bridges. (1913.) 1lé5c. 


ROAD PUBLICATIONS OF BUREAU OF PUBLIC ROADS. 


OFFICE OF PUBLIC ROADS CIRCULARS. 


Cir. 89. Progress Report of Experiments with Dust Preventatives, 
1907. 

*90. Progress Report of Experiments in Dust Prevention, Road 
Preservation, and Road Construction, 1908. 5c. 

Progress Report of Experiments in Dust Prevention and 
toad Preservation, 1909. 5c. 

*94. Progress Reports of Experiments in Dust Prevention and 
Road Preservation, 1910. 5c. 

Progress Reports of Experiments in Dust Prevention and 
Road Preservation, 1911. 


*99. Progress Reports of Experiments in Dust Prevention and 


*92. 


98. 


Road Preservation, 1912. 5c. 
*100. Typical Specifications for Fabrication and Erection of 
Steel Highway Bridges. (1913.) 5c. 


OFFICE OF THE SECRETARY CIRCULARS. 


Sec. Cir. 49. Motor Vehicle Registrations and Revenues, 1914. 
52. State Highway Mileage and Expenditures to January 

1, 1915 

59. Automobile Registrations, Licenses, and Revenues in 
the United States, 1915. 

63. State Highway Mileage and Expenditures to January 
1, 1916 

65. Rules and Regulations of the Secretary of Agriculture 
for Carrving out the Federal Aid Road Act. 

72. Width of Wagon Tires Recommended for Loads of 
Varying Magnitude on Earth and Gravel Roads. 

73. Automobile Registrations, Licenses, and Revenues in 
the United States, 1916. 

74. State Highway Mileage and Expenditures for the 
Calendar Year 1916. 

77. Experimental Roads in the Vicinity of Washington, 
Db. & 
Public Roads Vol. I, No. 1. Automobile Registrations, Licenses, 
and Revenues in the United States. 

1917 


Vol. I, Ne State Highway Mileage and Expen- 
ditures in the United States, 1917. 
Vol. I, Ne \utomobile Registrations, Licenses, 


and Revenues in the United States, 
1918 


DEPARTMENT CIRCULAR. 
No. 94. TNT as a Blasting Explosive. 


FARMERS’ BULLETINS. 


F. B. 338. Macadam Roads 
*505. Benefits of Improved Roads. 5c. 
597. The Road Drag 


SEPARATE REPRINTS FROM THE YEARBOOK. 


Y. B. Sep. *638. State Management of Public Roads; Its Develop- 
ment and Trend. 5c. 
727. Design of Public Roads. 
739. Federal Aid to Highways, 1917. 


REPRINTS FROM THE JOURNAL OF AGRICULTURAL 
RESEARCH. 


Vol. 5, No. 17, D- 2. Effect of Controllable Variables Upon the 
Penetration Test for Asphalts and Asphalt 
Cement. 
Vol. 5, No. 19, D- 3. Relation Between Properties of Hardness 
and Toughness of Road-Building Rock. 
Vol. 5, No. 20, D- 4. Apparatus for Measuring the Wear of Con- 
crete Roads. 
Vol. 5, No. 24, D- 6. A New Penetration needle for Use in Test- 
ing Bituminous Materials. 
Vol. 6, No. 6, D- 8. Tests of Three Large-Sized Reinforced Con- 
crete Slabs Under Concentrated Loading. 
Vol. 10, No. 5, D-12. Influence of Grading on the Value of Fine 
Aggregate Used in Portland Cement Con- 
crete Road Construction. 
Vol. 10, No. 7, D-13. Toughness of Bituminous Aggregates. 
Vol. 11, No. 10, D-15. Tests of a Large-Sized Reinforced-Concrete 
Slab Subjected to Eccentric Concentrated 


Loads. 

Vol. 17, No. 4, D-16. Ultra-Microscopic Examination of Disperse 
Colloids Present in Bituminous ad 
Materials. 








* Department supply exhausted. 











* Department supply exhausted. 


